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of balanced general anesthesia. As a primary enesthetic agent for the induction and maintenance of anesthesia with muscle relaxation required should be considered in the setection of a neuromuscular blocking agent High dos 
100% oxygen in patients undergoing major surgical procedures, such as cardiovascular surgery eurosutgica pancuromum may produce increases in heart rate during SUFENTA-oxygen anesthesia. Bradycardia has been repi 
procedures im the sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended ntrequently with SUFENTA- oxygen anesthesia and has been responsive to atropine. Respiratory depression caus 
postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE pipid analgesics can be reversed by opioid antagonists such as naloxone Because the duration o° respe 
OF SUFENTA depression produced by SUFENTA may last longer than the duration of the opioid antagonist action opp Oa 
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An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. Depressants Both the magnitude and duration of central nervous system and cardiovascular effects may be en 
*  SUFENTA may cause skeletal muscle rigidity, perticularly of the truncal muscles The incidence and severity of muscle when SUFENTA is administered to patients receiving Darbiturates, tranquilizers, other opioids, genera! anesthe 
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depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to 8 p/kg mused respiration. In such patents, opioids may additionally decrease respiratory drive and increase airway resis 
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es of SUFENTA as high as 80 pg/kg (approximately 25 times the upper human dose) produced no structural 
)e™osome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no mutagenic 
wity See ANIMAL TOXICOLOGY for reproduction studies in tats and rabbits 


gaancy Category C: SUFENTA has been shown to have an emoryocidal effect in rats and rabbits when given in 

) nes 7.5 times the upper human dose for a period of 10 days ta over 30 days These effects were most probably due 
vaternal toxcity (decreased food consumption with increased mortality) following prolonged administration of the 
J. No evidence of teratogenic effects have been observed after adminestration of SUFENTA in rats or rabbits. There 
no adequate and well-controlled studies in pregnant women SUFENTA should be used during pregnancy only if 
potential benefit justifies the potential risk to the fetus 


zor and Delivery: There are insufficient data to support the use 3f SUFENTA in labor and delivery Theretore, such 
not recommended 

Mothers: |! is not known whether this drug ss excreted m human milk Because many drugs are excreted 
an miik. Caution should be exercised when SUFENTA is administered ta a nursing woman 


tric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
has been documented in a limited number of cases 


Toxicology: The intravenous LDxo of SUFENTA is 16.8 to 18.0 mg/kg in mice, 118 to 13.0 mg/kg in quinea 
nd 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 25 times 
pper human dase for a period of 10 to over 30 days revealed high maternal mortality rates due to decreased food 
ption and anoxia, which preclude any meaningful interpretation of the results 


“SSE REACTIONS: The mos! common adverse reactions of opioids are respiratory depression and skeletal 
de rigidity. See CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS on the management of respiratory 
ssion and skeletal muscle rigidity The most frequent adverse reactions in clinical trials involving 320 patients 
istered SUFENTA were: hypotension (7%), hypertension (3%). chest wall rigidity (3%) and dradycardia (3% 
adverse reactions with a reported incidence of less than 1%) were Cardiovascular: tachycardia, arrhythmia 
ointestinal: nausea, vomiting, Respiratory: apnea, postoperative respiratory depression, bronchospasm Derma- 















falogical: itchng. erythema: Central Nervous System: chills: Miscellaneous: intraoperative mesc e movement 


ORUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule 11 controlled drug substance that can 
produce drug sependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by an extensicn of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOGY) as with other potent opwid analgesics However, no experiences of overdosage with 
SUFENTA have beer established during clinical trials. The intravenous LD.,, of SUFENTA in mate rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXICOLOGY for LO.,s in other species) Intravenous administration of an opioid ancagonist such 
as naloxone should be employed as a Specific antidote to manage respiratory depression The duration 3f respiratory 
depression folowing overdosage with SUFENTA may he longer than the duration of acton of the opiad antagonist 
Admimstration of an opioid antagonist should not preciude mora immediate countermeasures. In the 2vent of over 
dosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypoventilation or apnea 
A patent airway must be maintained, and a nasopharyngeal airway of endotracheal tube may be indicated If depressed 
respiration tS aSsoc ated with muscular rigidity, a neuromuscular blocking agent may be required to facibtate assisted 
of controlled vesprration intravenous fluids and vasopressors for the treatment ot hypotension and other supportive 
measures May be employed 


DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case accerding to body « 


weight, physi al status, underlying pathological condition, use of other drugs, and type of surgical procedure and 
anesthesia, ln odete patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
Getermined Gm the basis of lean body weight Dosage should 3e reduced in elderly and debilitated patients (see 
PRECAUTION.) 
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As safe 


as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF). 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma.° ° As with any volume 
expander, patients should be monl- 
tored for excessive hemodilution of 
coagulant factors or circulatory over 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 


systemic sepsis, there was no evi- 


dence of a decrease in their ability to 


ward off infection or combat an estab. 
lished infection. 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction iS minimal. Hespan 
also has a negligible effect on sub- 
sequent blood typing or cross- 
matching.’ 


As effective 
as albumin or PPF 


Comparative clinical studies have 
repeatedly demonstrated that Hespan 
Is as effective as albumin or PPF in 
postoperative myocardial revasculari- 
zation,’ ° and hemorrhagic, traumatic, 
or septic shock. * 
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No significant differences between 
Hespan and albumin or PPF wer€ 
noted in any efficacy parameter’ °’ 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients: >” And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer. 


Half the price 


of albumin or PPF 

Hespan offers a potential savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information, contact 
the Medical Services Department. 
Du Pont Critical Care, 1600 gst 
Road, Waukegan, IL 6008&. Phone 


1-800-323-4980 
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HESPAN (retastarch) 


6% Hetastarch in 0.9% Sodium Chloride 
injection 

CONTRAINDICATIONS 

Hetastarch is contraindicated in patients with severe 
bleeding disorders or with severe congestive cardiac and 
renal failure with oliguria or anuria. 

WARNINGS 

Large volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient prolom 
gation of prothrombin, partial thromboplastin and clotting 
times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 

Hematocrit may be decreased and plasma proteins diluted 
excessively by administration of large volumes of 
hetastarch, 

Usage in Leukapheresis: Significant declines in platelet 
counts and hemoglobin levels have been observed in 
donors undergoing repeated leukapheresis procedures due 
to the volume expanding effects of hetastarch. Hemoglobin 
levels usually return to normal within 24 hours, Hemodilu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albumin, calcium and fibrinogen 
values, 

Usage in Pregnancy: Reproduction studies have been 
dene in mice with no evidence of fetal damage. Relevance 
to humans is not known since hetastarch has not been 
given to pregnant women. Therefore, it should not be used 
in pregnant women, particularly during early pregnancy, 
unless in the judgment of the physician the potential bene- 
fits outweigh the potential hazards. 

Usage in Children: No data available pertaining to use in 
children. 

The safety and compatibdity of additives have not been 
established, 

PRECAUTIONS 

The possibility of circulatory overload should be kept in 
mind, Special care should be exercised in patients who 
have impaired renal clearance since this is the principal 
way in which hetastarch is eliminated. Caution should be 
used when the risk of pulmonary edema and/or congestive 
heart failure is increased. Indirect bilirubin levels of 

0.83 mg% (normal 0.0-0.7 mg%) nave been reported in 

2 out of 20 normal subjects who received multiple heta- 
starch infusions, Total bilirubin was within normal limits at 
all times; indirect bilirubin returned to normal by 96 hours 
following the final infusion. The significance, if any of these 
elevations is not known, however, caution should be 
observed before administering hetastarch to patients with 
a history of liver disease. 

Regular and frequent clinical evaluation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during jeukapheresis. Studies should 
include CBC, total leukocyte and platelet counts. leukocyte 
differential count, hemogiobin, hematocrit, prothrambin 
tme (PT), and partial thrombopiastin time (PTT). 
Hetastarch is nonantigenic. However, allergic or sensitivity 
reactfons have been reported {see ADVERSE REACTIONS). 
if such reactions occur, they are readily controlled by dis- 
continuation of the drug and, if necessary, admirustration of 
an antihistaminic agent. 

ADVERSE REACTIONS 

The following have been reported: vomiting, miid tempera 
ture elevation, chills. itching, submaxillary and parotid giam 
dular enlargement. mild influenza-like symptoms, head- 
aches, muscie pains, peripheral edema of the lower 
extremities, and anaphylactoid reactions consisting of peri 
orbital edema, urticaria, and wheezing. 

HOW SUPPLIED 

NDC 0094-0037-05-Hespan’ {6% Hetastarch in 0.9% 
Sodium Chioride Injection} is supplied sterile and nonpyro- 
genic in 500 ml intravenous infusion bottles. 

CAUTION 

Federal (U.S.A) law prohibits dispensing without pre- 
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Waukegan, IL 60085 





IARS REVIEW COURSE 
LECTURES AVAILABLE 





—_ 1986, 60th Congress—26 Review 
Course Lectures—$6.00 


__ 1985, 59th Congress—26 Review 
Course Lectures—$6.00 


__— 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


—— 1983, 57th Congress—-16 Review 
Course Lectures—-$5.00 


_—_ 1982, 56th Congress—14 Review 
Course Lectures—$5.00 


To: 

International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to [ARS in the amount of 


5 is enclosed. 


(Name) 


(Mail Address) 


(City, State, Zip) 
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See for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 


ideal for your patients, including 
those at risk.” 








Ti 








See the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURON? is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials." In fact, even at 12 times effective doses, under halothane anesthesia, ' 
NORCURON?® produced no tachycardia, ypotension, or abnormalities of cardiodynamic function. 


Cardiovascular Response to Norcuron" (vecuronium bromide) ae 
at 12 Times the ED,,* -cardiac output 


HR-heart rate 

PMAP-pulmonary mean arterial 
pressure 

PCWP-pulmonary capillary 
wedge pressure 

SMAP-systermic mean arterial 
pressure 

SVR-systemic vascular 

resistance 





% of Control 


2 
* Adapted from Morris et al.’ Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURON® has not been shown to significantly affect circulating histamine, mean arterial blood 
* pressure, and heart rate even in doses atthe upper extreme of the recommended clinical range 


The Effect of Nondepolarizing Muscle Relaxants" Percent of Control 


Drug Dose xEDa Histamine Mean Arterial Heart Rate 
(mg/kg) Pressure 


Tubocurarine 0.5 
Metocurine 0.5% 
Atracurium 0.61 
Vecuronium 0.1 


Vecuronium 0.2 


* Adapted from Basta et al © 
+0.1 mg/kg higher than recommended dose 








Performance unaffected by renal function.° 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 
without renal function.’ 


Comparative indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injection’ 


Onset (min) 


Duration of time (min) 103.8 + 12.9 
ea 104.1 +45.7 


Recovery index (min) 


Norma! Renal Function No Renal Function 


* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 
' Adapted from Miller et al.° 


The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron’ 


vecuronium bromide) injection 





See full prescribing information on following page 





References: l. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in cardiac surgical patients. Anesthesiology 1984; 6: A63. §. Basta 
(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass SJ, et al Vecuronium Goes not alter serum histamine within the clinical dose 
grafting. Anesthesialogy 1983; 58:438-440. 2. Durant NN: Norcuron*—a new range. Anesthesiology 1983; 59: A273. 6. Miller RD, et al: Pharmacokinetics of 


nondepolarizing neuromuscular blocking agent. Semin Anesth 1982; 1:47-56 vecuronium in patients with kidney disease, in Agoston S, et al (eds): Clinica! 
3. Kneg N, Crul JF Booij LH: Relative potency of ORG NC 45, pancuronium Experiences with Norcuron (ORG NC 45, Vecuroniurn Bromide). Amsterdam, 
alcuronium, and tubocurarine in anesthetized man. Br J Anaesth 1980 Excerpta Medica, 1963, p 124 


52:783-787. 4. Gallo JA, et al Hemodynamuc effects of bolus injechon of 





Norcuron (vecuronium bromide) injection 





Norcuron® is supplied as a sterile nonpyrogenic freeze-dried buffered cake of very fine microscopic crystalline par- 
ticles for intravenous injection only. Following reconstitution with solvent (water for injection) the resullant solutions s0- 
tonic and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial alse contains citric acid, dibasic 
sodium phosphate. sodium hydroxide, and/or phosphoric acid to buffer and adjust pH and mannitol te make isotonic. 
CLINICAL PHARMACOLOGY: Norcuron® {vecuronium bromide} injection is a nondepolarizing neuromuscular 
blocking agent possessing ali of the characteristic pharmacological actions of this class of drugs (curariform). It acts by 
competing for cholinergic receptors at fhe motor end-plate. The antagonism to acetylcholine is inhibited and 
neuromuscular block is reversed by acetyicholinesterase inhibitors such as neostigmine, edrephonium. and 
pyridestigmine. Norcuron® is about ¥3 more potent than pancuronium; the duration of neuromuscular blackade 
produced by Norcuron® is shorter than that of pancuronium at initially equipotent doses. The time to onset at paralysis 
decreases and the duration of maximum effect increases with increasing Norcurorn® doses. The use of a peripheral 
nerve stimulator is of benefit in assessing the degree of muscular relaxation. 

The EDg, (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia} has 
averaged 057 mg/kg (0.049 to 0.062 mg/kg in various studies). An initial Norcuron® dose of 0.08 to 0.16 mg/kg 
generally produces first depression of twitch in approximately 1 minute, good or excellent intubation conditions within 
2.9 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in mast patients. Under 
balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately 25 to 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dese. The 
neuromuscular biocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. If 
Norcuron® is first administered more than 5 minutes alter the start of the inhalation of enflurane, isoflurane. or 
halothane, or when steady stale has been achieved, the intubating dese of Norcuron® may be decreased by 
approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior administration of succinyicholine may 
enhance the neuromuscular blocking effect of Narcuron® and its duration of action. With succinylcholine as the 
intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscular block with 
clinical duration of action of 25-30 minutes. if succinyicholine is used prior te Norcuron®, the administration of 
Norcuron® should be delayed until the patient starts recovering from succinylcholine-induced neuromuscular 
blockade. The effect of prior use of other nondepolarizing neuromuscular blocking agents on the activity of Norcuran® 
has not been studied (see Drug Interactions). 

Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on the duration of 
neuromuscular blockade. Therefore, repeat doses can be administered at relatively regular intervals with predictable 
results. After an initial dose of 0.08 to 0.16 mg/kg under balanced anesthesia, the first maintenance dose (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes; subsequent maintenance 
doses, if required, may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia increases:the 
Clinical duration of the maintenance dose only slightly. Under enflurane a maintenance dose of 0.010 mgkg is 
approximately equal fo 0.015 mg/kg dose under balanced anesthesia. 

The recovery index (time from 25% to 75% recovery} is approximately 15-25 minutes under balanced or halothane 

anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
fecovery from pancuronium. Once spontaneous recovery has started, the neuromuscular block produced by 
Norcuron® is readily reversed with various anticholinesterase agents, e.g. ables neostigmine, or 
edrophonium in conjunction with an anticholinergic agent such as atropine or glycopyrrolate. There have been ro 
reports of recurarization following satisfactory reversal of Norcuron® induced neuromuscular blockade: rapid recovery 
is a finding consistent with its short elimination half-life. 
Pharmacokinetics: At clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuron® is 
usuafly bound to plasma protein. The distribution half-life following a single intravenous 
dose {range 0.025-0.280 mg/kg) is approximately 4 minutes. Elimination half-life over this 
Same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery. in late pregnancy, elimination half-life may 
be shortened to approximately 35-40 minutes. The volume of distribution at steady state is 
approximately 300-400 mi/kg: systemic rate of clearance is approximately 3-4.5 
mi/minute/kg. In man, urine recovery of Norcuron® varies fram 3-35% within 24 hours. 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma following clinical use. One metabolite, 3-deacetyl vecuronium, has been 
recovered in the urine of some patients in quantities that account for up to 10% of injected 
dose; 3-deacety! vecuronium has also been recovered by T-tube in some patients account- 
ing for up to 25% of the injected dose. 

This metabolite has been judged by animal screening {dogs and cats} to have 50% or 
more of the potency of Norcuron®; equipotent doses are of approximately the same duration 
as Norcufon® in dogs and cats, Biliary excretion accounts for about halt the dose of 
Norcuron® within 7 hours in the anesthetized rat. Circulatory bypass of the liver (cat preparation) prolongs recovery 
from Norcuron®. Limited data derived from patients with cirrhosis ar cholestasis suggests that some measurements of 
recovery May be doubled in such patients. in patients with renal failure. measurements of recovery do not difer 
significantly from similar measurements in healthy patients. 

Studies involving routine hemodynamic monitoring in good tisk surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clinically 
significant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar monitoring, remained 
unchanged in some studies and was lowered by a mean of up to 8% in other studies. A jarge dose of 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary al bypass grafting, 
was not associated with alterations in rate-pressure-product or pulmonary capillary wedge pressure. Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly. (The drug has not been studied in 
patients with hemodynamic dystunction secondary to cardiac valvular disease}. Limited clinical experience (3 patients} 
with use of Norcuron® during surgery for pheochromocyloma has shown that administration of this drug is not 
associated with changes in blood pressure of heer! rate. 

Unlike other nondepolarizing skeletal muscie relaxants, Norcuran® has no clinically significant effeets on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associated with anesthetic agents. 

Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing. redness, hypotension, tachycardia. and other 
reactions commonly associated with histamine release are unlikely to occur 
INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 
CONTRAINDICATIGNS: None known. 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED URLESS 
FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY. AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE. THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. in patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lamber!) syndrome, smali doses of Norcuron® may 
have profound effects. in such patients, a peripheral nerve stimulator and use of a small test dose may be of value in 
monitoring the response to administration of muscle relaxants. 
PRE IONS: Renal Failure: Norcuron® is well-tolerated without clinically significant prolongation of neuro- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by dialysis. Under 
emergency conditions in anephric patients some prolongation of neuromuscular blockade may occur. therefore, if 
anephric patients cannot be prepared for non-elective surgery, a lower initial dose of Norcuron® shouid be considered. 
Altered Circulation Time: Conditions associzied with slower circulation time in cardiovascular disease. old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset lime: therefore dosage 
should not be increased. 
Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in keeping with the role the liver plays in Norcuron® metabolism and excretion (see Pharmacokinetics). Data currently 
available do not permit dasage recommendations in patients with impaired liver function 
a7 UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
_» NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING. 
Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose 
airway and/or ventilatory problems requiring special care before, during and after the use of neuromuscular blecking 

ents such as Norcuron® 

alignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a 
potentially tatai hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient gata 
derived from screening in susceptible animais {swine} to establish whether or not Norcuron® is capable of triggering 
malignant hyperthermia. 

Norcuron® has no known effect on consciousness, the pain theshold or cerebration. Administration musi be 
accompanied by agequate anesthesia. 
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Drug Interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect of © 


Norcuron® (vecuronium bromide} injection and its duration of action. if succinylcholine is used before Norcuron®, the 
administration of Norcuron® should be delayed until the succinyicholine effect shows signs of wearing off. With 
succinyichaline as the intubating agent. initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce 
complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY), The 
use of Norcuron® before succinylcholine. in order to attenuate some of the side effects of succinylchaline, has rot been 
sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and gallamine) 
act in the same fashion as does Norcuron®; therefore these drugs and Norcuron® may manifest an additive effect when 
used together There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
telaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enfiurane and iscflurane. 
With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CUNICAL PHARMACOLOGY). 

Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminogiyco- 
sides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin): tetracyclines; bacitracin; 
polymyxin B: colistin: and sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction 
with Norcuren® during surgery, unexpected prolongation of neuromuscular block should be considered a possibility 
Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that 
recurrent paralysis may occur This possibility must also be considered for Norcuron®. Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been 
shown to aller neuromuscular blockade. Depending on the nature af the imbalance, either enhancement or inhibition 
may be expected. Magnesium salts, administered for the management of toxemia of pregnancy, may enhance the 
neuromuscular blockade. 
Drug/Laboratory Test interactions: None known. 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic or mulagenic potential or impairment of fertility. 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. {Lis also 
not known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect repraduction 
capacity Norcuron® should be given to a pregnant woman only H clearly needed. 
Pediatric Use: Intanis under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 172 times as long to recover. 
informatian pea available does not permit recommendations for usage in neonates. 
ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
triats. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extensicn of the 
drugs pharmacological action beyond the time period needed for surgery and anesthesia. This may vary from skeletal 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea, 
inadequate reversal of the neuromuscular biockade, although not yet reported. is possible with Norcuron® as with all 
curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged 
adequate. Little or no increase in intensity of blockade or duration of action of Nofcuron® is nated from the use of 
thiobarbiturates, narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs 
used in anesthetic practice which also cause respiratory depression. 
OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdosage 
can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation. 

Excessive doses of Norcuron® can be expected lo produce enhanced pharmacological effects. Residual 
neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness, decreased respiratory reserve, 
iow tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve. 

Respiratory depression may be due either wholly or in pari to other drugs used during the 

conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous 
system depressants. Under such circumstances the primary treatment is maintenance of a 
patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration i$ assured. Regono!l® (pyridostigmine bromide injection), neostigmine, of 
edrophonium, in conjunction with atropine or glycopyrrolate will usually antagonize the 
skeletal muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by 
adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve 
stimulator may also be used to monitor restoration of twitch height Failure of prompt 
reversal {within 30 minutes} may occur in the presence of extreme debilitation, car- 
cinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic 
agents and other drugs which enhance neuromuscular blockade or cause respiratory 
depression of their own. Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until 
the patient has resumed control of his respiration. Prior to the use of reversal agents, 
reference should be made to the specific package insert of fhe reversal agent. 
DOSAGE AND ADMINISTRATION: Norcuran® (vecuronium bromide) injection is for intravenous use only. This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use ol 
neuromuscular blocking agents. Dosage mus! be individualized in each case. The dosage information which icilows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatite anesthetics and by prior use of 
succinyichaline (see PRECAUTIONS/Drug interactions). Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration, whenever solution and container permit. 

To obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the ED) given as an 
intravenous bolus injection. This dose can be expected to preduce good or excellent non-emergency intubation 
conditions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes, with recovery to 25% ol control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. in the presence af potent 
inhalation anesthetics, the neuromuscular blocking effect of Narcuron® is enhanced. if Norcuron® is first administered 
more than 5 minutes after the start of inhalation agent or when steady state has been achieved. the initial Norcuran® 
dose may be reduced by approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Nofcuron®. {f intubation is performed using succinylcholine, a reduction of iniiai dose af Norcuran® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0.05-0.96 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.016 to 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
clinical criteria should be used to determine the need for maintenance doses. Since Narcuron® lacks clinically 
important cumulative effects, subsequent maintenance doses, if required, may be administered at relatively regular 
inter vais for each patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. {lf less frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason tor the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg 
up fo 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the 
cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 
Dosage in Children: Older children (10 to 17 years of age} have approximately the same dosage requirements 
(mg/kg) as adults and may be managed the same way. Younger children {1 to 10 years of age} may require a slightly 
higher initial dose and may also require supplementation slightly more offen than adults. infants under ane year of age 
but older than 7 weeks are moderately more sensitive ta Nofcuron® on a mg/kg basis than adults and take about t2 
limes as long to recover. See also subsection of PRECAUTIONS tiffed Pediatric Use. Information presently available 
does nol permit recommendation on usage in neonates (see PRECAUTIONS). 

COMPATIBILITY: Norcuron® is compatible in solution with: 

0.9% NaCl solution 5% glucose in saline 
5% glucose in water Lacialed Ringer's 
HOW SUPPLIED: 5 ml vials (contains 10 mg of active ingredient} and 5 mi ampul of preservative-free sterile water for 
injection as the diluent. Boxes of 10 (NDC-#0052-0442-17). 

5 ml vials {contains 10 mg of active ingredient) only. DILUENT (Sterile Water for injection, USP) NOT SUPPLIED. 
Boxes of 10 (NDC #0052-0442-57), 

STORAGE: PROTECT FROM LIGHT. Store at 15°-30°C (69°-86°F). 
AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not to exceed 30°C 
(86°F). DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION. 


SINGLE USE VIALS. 
Manufactured for ORGANON INC. by BEN VENUE LABORATORIES. INC., Bedford, OH 44146 ISSUED 5/86 
Organon) ORGANON INC. 
WEST ORANGE, NEW JERSEY 07052 
© 1886 ORGANON INC ORG-8025 


Keyed 
Anesthetic 
Agent Adapter 





e Available for use with: Forane, 
Ethrane & Halothane 


e improved filling & draining time 

e Resistant to leaching 

e Flexible plastic tubing for ease of use 
e Color Coded 

ə Manufactured of anodized aluminum 





Warranty: All merchandise IS guaranteed Manufactured by: 
to be free from defect In material and 

workmanship for a period of 30 days 

from the time of delivery 


PO. Box 1365 Barrie, Ontario Canada L4M 5R4 (705) 726-9383 pacer Cana 
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For outpatient anesthesia 


Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 
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Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 

a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 

the PAR. 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 


Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up ıs recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 
from metabolism. 
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“For outpatient anesthesia == — 


= FORANE ‘softurane,usp) 


<, Rapid. . .Complete.. Excellent Safety Profile 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION i - 3 
FORANE (eofturane, UEP) a nonfiemmeble Eyuid admiiíetered by vaporining 9 oe end 
inhakrtion anesthetic drug. It is 1-chloro-2 triftuorosthyi difluosomethy) ether, and 
J its stroctural formule ie i : 
š è iy F H F 
i a : l | | ` Pinal 
of F—c—C—O-—-C-H 
abe Joos 
i ‘“ 'F a F 
Same constants are. 
iiaii 184.5 
Boling point at 760 mm Hg 486 °C (noor) 
Refractive index 220 12890-13006 
Specific gravity 26 */25 *C 1.496 
r Vapor pressure in mm Hg** 2 °C 239 
25 °C 295 
W *C 367 
35°C ° 460 
**Equation for vapor pressure calculation: 
log = A +5 whee A = 1058 
oP mp T B= ~1064 
T = *C + 27316 (Kelvin) , 
Partition coefiolemts at 37 °C : 
5 Vagas 061 
i Blood igas i 1.43 
; Partition coefhcients at 26 °C - rubber and plastic 
Conductive ` . 620 
Pobywiny] chiocridesgas 1100 


et P ~o 
G ~14 


a Potyolsfinigas , i : : wit 
L: x Buty! acetatekyas ot _ was 

A Purity by. gas chromatography = i >sa9% 
we - Lower Umit of fammebhility in oxygen v 
; “nitrous aade at 9 joulestec. and 23 °C Nons . 

e Loveer imr of fammebsHty tn ar Greeter than useful 

a ot nitrous oxide et 900 joulesivec. and 23 °C concectrtion m aneetbepka. 


Fharmecokinetios lecfumne undergoes minimal bictransformation in man. In the 
<P postanostbesia period, only 0.17% of the iscfarane taken up can be recovered as urinary 
metabolites. — i 4 ‘ ` 
; INDICATIONS AND USAGE 
. 7 FORANE (sofana, USP) may be used ‘for induction and maintenance of general 
i gnesthesls. Adequate data here not been developed to emabbah MA spphostion I 


r`, COMTRAINDICATIONS 
f : Known sensitivity to FORANE feofurane, USP) or to other halogenated agents 
Ase ea Known or suspected genetic susceptibility to malignant hyperthermia. 


+ aye Since levels of anesthesia be altecad easily and rapidly, only veporimrs producing 
oa ''.. predictable concentrations be used. and respiratory 
me ancrease as anesthesia is despensd. 
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Increased blood loss comparable to thet seen with halothane has been observed m 
undergoing abortions 


patients 

FORANE markedly increeses cerebral blood flow et deeper levels of 
ancethesla, There may be a transient rise in cerebral spinal fhd pressure which is fully 
reversible with hyperventilation. 


administered in an sdequstaly equipped ansethetrsing eevironment b3 tara ee 
are familjer woth che pharmacology of the drug and qualified by taming «nd exposianse 
to manage the anesthatired A 

Isoflurane, as well as other anesthetica, may cause a 
shght decrease m intelectual function for 2 or 3 deps anesthesia. As vrith otber 
anesthetics, small changes m moods and symptoms may persis? for up to 6 days after 


Laboratory Tests: Transient increases in BSP retention, blood glucose apd serum 
and alkaline phosphatase hive been 


exposure might lecfarrane was giran at 1/2, 1/8 and 142 MAC for four 
iD 24 exposures to the pups curing the first ome woeks of hfe. 
The mice wees inled at 18 months of age. The incidence of tumors in these mice was 
he mania bs which ware given the same becaground gaset, 
but pot 


Pregnancy Category C: isofiurane has been shown to have a possible ancathetic-relsted: 
fetotooo effect in mice when given in doses 6 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Isofumne should be sews 
dunng pregnancy only tf the potential partities the potential nek to the fetus 

Mothers: h is not known whether this 1s excreted in human milk. Becatrss 


are eecteted in human milk, caution be exercised when jecfurane 
ia administered to a nursing women. ye” 


mown 
features such es muscle tachycardia, tachypnes, cyanosis, arrhythmias, and 
unstable blood pressure. (It should also be noted that many of these signs 


Adverse reactions encountered m the administration of FORANE (scflurane, are 
extensions 


AD ; 
Premecdivation: Pæmkbostion should be selected to the need of the individual 
patent, iumo account that secretions are FORANE 


aide mixtures may produce ; OF Theee 
difficulties may be avoided by use of a dose of an ultm-short-ectin 
concentrebons of 1.5 to 10% isoflurane Sugio 


concentration in the abeence of other complicating problems. Excessive deorerses may 
be due to depth of anesthesia and in euch instances may be corrected by lightening 


HOW SUPPLIED 


FORANE (wofturane, USP), NDC 10010-360-40, 1 packaged in 100 mL amber-colored 


Storage: tore at mom temperature. isoflurane contains no additives and bas been 
demonstrated to be stable at roam temperature for periods in emcees of frre yours. 


4-036 Revised 10-85 
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Anaquest Forane” (isoflurane, USP) 


Heart failure 
patients are often 
at risk Of 
arrhythmias... 


an inotropic agent 
that dees netsignificantly 
increase heart rate 
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o Substantially improves cot 
without adding to myocar 


° Lowers pulmonary capillary wedge pressure and 
systemic vascular resistance __ a 


c Heart rate and blood press 


o INOCOR is intended for $ 
who can be closely mo 
to prior treatment wit! 


“For important product information concerning con 
and precautionary recommendations, please see last 
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Heart rate 
n=100 
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Pulmonary 
-capillary Mean arterial 
wedge pressure pressure 
n=98 n=109 
29 Systemic 5 
TaJ vascular resistance 
| n=64 
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ake Instead of catecholamines 
_ forthe short-term management of heart failure 
a lng efficient 


nocor WM 


AMRINONE 









INOCOR lactate injection, brand of amnnone lactate, represents a new Class of cardiac 
inotropic agents with vasodilator activity, distinct trom digitalis glycosifes or 











catecholamines. 
INDICATIONS AND USAGE (INOCOR lactate injection is indicated tor the short-term 
management of congestive heart failure in patients who can be closely monitored and 
who have not responded adequately to digitalis, diuretics, and/or vasodilators ) 
INOCOR lactate injection is indicated for the short-term management of congestive 
-herapy heart failure. Because of limited experience and potentat for senous adverse effects 
(see ADVERSE REACTIONS), INOCOR should be used only in patients who can be 


Closely monitored and who have not responded adequately to digitalis, diuretics. and/or 
vasodilators. Although most patients have bean studied hemodynamically for penods 
only up to 24 hours, some patients were studied for longer periods and demonstrated 
consistent hemodynamic and clinical effects. The duration of therapy should dependon 
patient responsiveness 
CONTRAINDICATIONS INOCOR lactate injection i5 contraindicated in patients who 
are hypersensitive to it 

itis also contraindicated in those patients known to be hypersensitive fo brsulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in patents with 
severe aortic or pulmonic valvular disease in lieu of surgical rebet of the obstruction Like 
other inotropic agents, it may aggravate outflow tract obstruction in hypertrophic 
subaortic stenosis 

During intravenous therapy with INOCOR lactate injection, blood pressure and 
heart rate should be monitored and the rate of infusion siowed or stopped in patents 
showing excessive decreases in blood pressure 

Patients who have received vigorous diuretic therapy may have insufficient Cardiac 
filling pressure to respond adequately to INOCOR lactate injection. in which case 
Cautious liberalization of llud and electrolyte intake may be indicated 

Supraventricular and ventricular arrhythmias have been observed in the very 
high-risk population treated While amrnone per se has not been shown to be 
arrhythmogenic, the potential for arrhythmia, present in congestive heart failure itself 
may be increased by any drug of combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS) 
LABORATORY TESTS Fluid and electrolytes Fluid and electrolyte changes and rena 
function should be carefully monitored dunng amnnone lactate therapy. Improvement in 


. cardiac output with resultant diuresis may necessitate a reduction in the dose of diuretic 
Potassium loss due fo excessive diuresis may predispose digitalized patents to 
arrhythmias Therefore, hypokalerma should be corrected by potassium supplementa 
tion in advance of or during amnnone use 
DRUG INTERACTIONS in & relatively limited expenence. no untoward clinica! manifes 
tations have been observed in patents in whom INOCOR lactate injection was used 
concurrently with the following drugs digitalis glycosides, lidocame, quinidine, metopro 
lol, propranolol hydralazine, prazosin, isosorbide dinitrate, nitroglycerine. chlor thalidone 
ethacrymic acid, furosemide, hydrochiorothazide, spironolactone. captopril, heparin 
wartann, potassium supplements, insulin, diazepam 
One case of excessive hypotension was reported when amnnone was used 
concurrently with disopyramide 
Until additional experience is available, concurrent administration with Norpace* 
disopyrarmde should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use n 
acute myocardial infarction 


de per ndent of the effects of 

ae. « h l Uaa ki pone ot Salety and effectiveness in children have not been established 
oOo a I {i j ( -atec y, NANCY Pregnancy category C: In New Zealand white rabbits. amrnone 

baig -A zi! f ag LI O amines has been shown to produce fetal skeletal and gross external malformations a! oral 


= E i 
RaT E doses of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/Cr 
rabbits using oral doses up to 32 mg/kg/day did not contr this tinding No maltorma 


tions were seen in rats receiving amnnone intravenously at the maximum dose used 
10 C dynamics rapidly improved 15 mg/kg/day (approximately the recommended daily IV dose for patents with conges 
tive heart failure). There are no adequate and well-controlled studies in pregnant women 
Ammnnone should be used during pregnancy only if the potential berefit justifies the 


rt rate and blood pressure epee 
USE IN NURSING MOTHERS Caution should be exercised when amnnone s 
administered to nursing women, since il is not Known whether it is excreted m human 


significantly changed... mik 

REM tins can C an ADVERSE REACTIONS Thrombocytopenia. Intravenous INOCOR iactate injection 

resulted m platelet count reductions to below 100.000/mmF in 2 4% of patients 

ne C t been show n to increase risk Gastrointestina! effects Gastrointestinal adverse reactions reported with INOCOR 
a ' lactate injection duning clinical use included nausea (17%) vomiting (09%), abdomna! 


t 04 04% 
t ias (see precautions ) ida Satie ch Slaten Caecitvieaciies adverse reactions reported with INOCOR lac 


ae tate injection include arrhythmia (3%) and hypotenson (1 3%) 
Hepatic toxicity. in dogs, at IV doses between 9 mg/kg/day anc 32 mg/kg/day 


on. t used i in atients with ammnnone showed dose-related hepatotoxicity manifested ether as enzyme elevation or 
om 1 hepatic cell necrosis ot both Hepatotoxicity has been observed im man following 
a longterm oral dosing and has been observed, in alimited expenence (0 2%), following IV 


~ ji va p al ischemia administration of amrinone 


Hypersensitivity There have been reports of several apparent hypersensitivity reactions 
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; in patents treated with oral amnnone for about two weeks Signs and symptoms were 
J E, variable but included pencarditis. pieurtis, and ascites (one case dis pout pse 


. 
£ n IC: e$ L1 it S s sustained durin therapy... interstitial shadowing on chest x-ray and elevated sedimentation rate (one cas nd 


vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (one case) The 
h h frst patent died, not necessarily of the possibie reaction, while the last two resolved with 
e of tac yp y axis discontinuadon of therapy. None of the cases were rechallenged. so altribution to 
amrinone is not Certain, but possible hypersensitivity reachons Should be considered ir 
any pabent maintained tor a prolonged penod on amnnone 


h | d may stabilize at lower than predrug levels without any clinical sequelae “redrug platelet 
an C i renal function. Hypokalemia snou counts and frequent platelet counts during therapy are recommended to assist in 
decisions regarding dosage modifications 


ba he ed a potassium supplementation Should a platelet count less than 150,000/mm? occur, the following actions may be 
ee oes > considered 
ee ce e of or during amrinone use. e Maintain total daily dose unchanged, since in some cases counts have either 


stabilized or returned to pretreatment ievets 
ə Decrease total daily dose 
è Discontinue amrnnone if in the climcal judgment of the physician, nsk exceeds the 
potential benefit 
Gastromtestinal side effects While gastromntestnal side effects were seen intrequently 
with IV therapy, should severe or debilitating ones occur, the physician may wish to 
reduce dosage or discontinue the drug based on the usual Denelit to rs 
considerations 
Hepatic toxicity in clinical expenence to date with IV administration, heoatotomcity has 
rarely been observed It acute marked alterations in liver enzymes Occur together with 
Clinical Symptoms. suggesting an idiosyncratic hypersensitivity reaction, amnnone 


ae SE FSS Beh Genera! Additional adverse reactions observed in intravenous amrinone clinical studies 
5 2 ster include fever (0.9%). chest pain (0 2%), and burning at the site of injection (0 2%) 
ae Á OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
-BF ESA because of its vasodilator effect If this occurs. amnnone admunstration should be 
nts receiving INOCOR should be carefully reduced or discontinued No specific antidote is known, but general measures for 
or 8 rece Bae a should be taken 
Litorec with the following laboratory studies: MANAGEMENT OF ADVERSE REACTIONS Plateie! count reductions Asympte 
i eae matic platelet count reduction (to less than 150.000/mm”) may be reversed within one 
Cl et CO JUNG , liver enzymes, fluid and electrolyte week of a decrease in drug dosage Further, with no change in drug dosage., the count 
~~ ae 


fg therapy should be promptly discontinued 
brie summary ofp product information on this page for contraindications, adverse ii less than marked enzyme alterations occur without cinica! symptoms these 
S selection, and precautionary recommendations. nonspecific changes should be evaluated on an individual basis The clinician may wish 
- -Ž to continue amrinone and reduce the dosage or discontinue the drug based on the usua 


benefit-10-risk considerations 

HOW SUPPLIED Amputs of 20 mL sterile, clear yellow solution containing INOCOR 
5 mg/mL. box of 5 (NDC 0024-0888.20) Each 1 mL contains INOCOR lactate equiv 
lent to 5:mg base and 0.25 mg sodium metabrsullite in water for injector 


cals, Division of Sterling Drug Inc., New York, NY 10016 61066 


INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


61st CONGRESS - MARCH 14-18, 1987 
Buena Vista Palace Hotel, Lake Buena Vista (Orlando), Florida 


PRELIMINARY MEETING INFORMATION 


PROGRAM / REGISTRATION / HOTEL INFORMATION: Will be mailed in mid-December to all [ARS members. (IARS members out- 
side of North America who plan to attend the meeting can receive this materia! by airmail upon request.) Non-IARS members should 
request information from the Cleveland Office: 3645 Warrensville Center Road. Cleveland. Ohio 44122. Telephone: (216) 295-1124. 


MEETING SCHEDULE: Registration: Saturday. March 14. 1-6 pm (continues daily) 
Scientific Program: Sunday, March 15 through Wednesday. March 18 
Exhibits: Sunday, March 15 through Tuesday, March 17 


SCIENTIFIC PROGRAM 


T.H. Seldon Distinguished Lecture: 
John W. Severinghaus, MD-“The History of Oximetry” 


REVIEW COURSE LECTURES: 


Jeffrey L. Apfelbaum. MD Patricia A. Kapur. MD Paul N. Samuelson, MD 
Paul G. Barash. MD Richard S. Matteo, MD John J. Savarese, MD 
Frederic A. Berry Jr. MD Richard L. McCammon, MD Petter A. Steen, MD 
D. Ryan Cook, MD Edward D. Miller Jr. MD Stephen J. Thomas, MD 
Benjamin G. Covino. MD Ronald D. Miller. MD John H. Tinker. MD 
Edmond I. Eger 11. MD Walter S. Nimmo, MD Robert W. Vaughan, MD 
Mieczyslaw Finster. MD Donald S. Prough, MD Richard B. Weiskopf. MD 
Betty L. Grundy. MD J. Gerald Reves, MD Paul F. White. MD 
Michael F. Roizen, MD 

PANEL: Standards of Care PANEL: Anesthesia Equipment 
Frederick W. Cheney. MD John H. Andrews. MD 
John H. Eichhorn. MD Forrest W. Fox, MSEE 
Burton S. Epstein. MD Betty L. Grundy. MD 
William K. Hamilton. MD A. William Paulsen. PhD 
Bruce F. Cullen. MD John T. Martin. MD 


136 Scientific Papers... 55 Scientific Posters... Scientific Exhibits... Theme Luncheons 
Board Examinations in Anesthesiology: American Board of Anesthesiology Panel Discussion 


Technical (Commercial) Exhibits - Product Seminars: Exhibitor-sponsored morning briefings 


REGISTRATION © CME CREDIT ¢ AIR TRAVEL ¢ HOTELS 


FEES: [ARS Members $175 ($200 on site) 
IARS Educational Members NO FEE 
Non-Members $350 (S400 on site) 
Non-Member Residents $50 (with certifying letter) 


CME CREDIT: ACCME/AMA: Category 1-31 hours 


SPECIAL AIR FARES: United and Delta Airlines. in cooperation with the ARS. will provide reduced rates for round-trip travel to Orlando. 
Full details will be included in the preliminary program mailing or can be obtained by calling the following numbers (8 am to 8:30 pm EST 
daily) and referring to [ARS meeting and code numbers shown. 

Delta: 1-800-241-6760 — File No. P-0095, UAL; 1-800-521-4041 — Acct. No. 7015-H 


HOTELS: The Buena Vista Palace and the Royal Village co-host hotel are situated in Walt Disney World Village and provide complimentary 
bus service to the Magic Kingdom and Epcot Center. Discounted 3- or 4-day passes will be available to IARS registrants and guests. Hotel 
rates are seasonally competitive, and one rate covers from single to quad occupancy. 


Take an esophageal stetho- 
scope, incorporate a Doppler 
‘ultrasound probe that monitors 
aortic blood flow, and you have 
continuous cardiac output moni- 
toring from Lawrence. 

The Lawrence 3000" 
Continuous Cardiac Output 
Monitor is your best defense, 
your greatest patient safeguard, 


in surgery. It gives you continu- 
ous hemodynamic information, 
allowing faster reaction times and 
earlier warnings of hemorrhage, 
myocardial depression or adverse 
drug reaction. 

The Lawrence 3000 contin- 
uously monitors cardiac output, 
cardiac index and systemic vascu- 
lar resistance. It sets up in min- 


utes. And gives you trouble-free’ 
monitoring throughout surgery. 

Systemic vascular resistance 
is based on operator input of BP. 
or an automatic line transfer from 
an independent BP monitor. 

After setup a periodic adjust- 
ment may be needed — usually 
less than once an hour. 

Every Lawrence 3000 moni- 


Think of it asa 
continuously moni 





tor comes with in-service training 
by an experienced professional. 
Plus instructional videos, clinical 
studies and operational manuals to 
help educate your OR staff. 

Call Lawrence Medical, 
Customer Service Department, 
at 1-800-247-4499 or 1-200- 
881-1300 (collect in Washington ), 
for a free demonstration, video 


tape or information package. 
Discover how the Lawrence 

3000 can be your 

best defense in 

surgery. 





Continuous cardiac output monitoring 
from the company who invented it. 


M O D ft GA L 
14910 N.E. 31st Circle 
Redmond, Washington 98052 
1-800-247-4499 
In Washington, call collect: 
(200) 881-1300 
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stethoscope that 
tors cardiac output. 





For every indication, 


? 


Artist's conception of the levels of 

sedation you can achieve with VERSED 
(midazolam HCl/Roche): 1) preoperative 
medication, 2) |.V. conscious sedation, 

3) induction of anesthesia and as a compo- 
nent of balanced anesthesia. 


Came? / A 


Copyright © 1986 by Hoffmann-La Roche Inc. All nghts reserved. 








The advantage in premedication 


Virtually painless 
faster sedative - 





Virtually painless INCIDENCE OF IRRITATION 


. l AT SITE OF LM. INJECTION 
The first stable water-soluble benzodiaze- 62.71 


pine, VERSED administered intramus- 
cularly produces less pain, induration or 
tissue irritation than hydroxyzine |.M.' 


Sedates faster 


In double-blind premedication studies, 

onset of sedation was significantly faster 

and more pronounced with VERSED I.M. than with hydroxyzine |.M. After 15 minutes, 
43% of 149 patients treated with VERSED had reached the most desirable levels 

of sedation compared ta only 19% of 101 patients treated with hydroxyzine? 





Diminishes recall with a single I.M. injection 


Patients treated with VERSED I.M. had significantly less recall of memory cards (7/26) 
shown during the preanesthetic period than patients treated with hydroxyzine (26/28). 
Amnesia was greatest 30 to 60 minutes after administration. And when VERSED was 
given with scopolamine, the period of diminished recall extended to 90 minutes: 


Compatible with other agents 
in the same syringe 


VERSED can be mixed in the same syringe with 
other frequently used premedicants: 

morphine sulfate, meperidine, 

atropine sulfate or scopolamine 


VE 


INJECTABLE 


midazolam HC EE 


Please note Dosage and Administration Guidelines and see references and summary of 
product information on last pages of this advertisement. 





The advantage in I.V. conscious sedation 


Superior amnestic effect 





„less tissue irritation 


Significantly less recall EASi a 

In double-blind, multicenter studies, mie D ii 

patients treated with VERSED had signifi- 100 

cantly less recall of endoscopic procedures 

than patients receiving diazepam. Of 256 

VERSED patients, well over half—60%—had 

no recall of their procedures when ques- 

tioned one hour later By contrast, only 21% 

of 262 diazepam patients had a similar 

lack of recall. , 
Use of a topical anesthetic for peroral procedures and narcotic premedication for 

bronchoscopies is recommended. 








diazepam I.V. 
m fe mn 3 


Less irritation 


VERSED produced less pain or burning during |V. administration than diazepam. VERSED 
also produced less postprocedural irritation: One week following LV. administration, only 
1.4% of 512 patients who received VERSED had tenderness of the vein compared with 
3.0% of 503 patients who received diazepam (P=0.07)? 


Faster onset 


in the majority of clinical studies, the time required to reach the end point of slurred speech 
was significantly shorter when patients received VERSED LV. rather than diazepam IV For 
most procedures, mean time to achieve sedation with VERSED ranged from 2.8 to 4.8 
minutes, compared to a range of 2.6 to 9.0 minutes with meer als 

As a standard precaution, prior to the I.V. administration of VERSED in any dose. Oxy- 
gen and resuscitative equipment should be immediately available and a person skilled in 
maintaining a patent airway and supporting ventilation should be present. Extra care 
should be observed in the elderly or debilitated (such as lowering dosage by 25% to 30%), 
and in those with limited pulmonary reserve. Dosage of VERSED 
should also be lowered by about 25% to 30% if narcotic 
premedication is used. Caution patients against 
driving or operating hazardous machinery 
after receiving VERSED 


INJECTABLE 


VERS: 
midazolam HCI Roche 


Please note Dosage and Administration Guidelines and see references and summary of 
product information on last pages of this advertisement. 





The advantage in anesthetic induction and 


Smooth induction... 


T a 
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nalanced anesthesia 


smooth emergence 


Smooth induction of anesthesia 


Intravenous VERSED provides induction of general anesthesia, prior to administration of 
other anesthetic agents, as effectively as thiopental in properly premedicated patients) 
And it does so with significantly less apnea. Among 155 patients who received narcotic 
premedication and then VERSED, 37% had apnea, compared to 54% of 137 premedicated 
patients given thiopental? 

The initial dose of VERSED IV. should be given over 20 to 30 seconds and titrated to 
desired effect. Avoid intra-arterial injection or extravasation. (See Warnings section of sum- 
mary of product information. ) 

Dosages of VERSED should be lowered if sedative or narcotic premedication is used. 


Minimal adverse hemodynamic effects 

While the hemodynamic effects of VERSED I.V. do not differ significantly from those of 
thiopental, they are somewhat less pronounced: Standard resuscitative equipment should 
be available, however, and extra care observed in elderly or debilitated patients (such as 
lowering dosage by 25% to 30%), and in patients with limited pulmonary reserve. VERSED 
should be administered as an induction agent only by a person trained in anesthesiology, 


Valuable as a component of balanced 
anesthesia for short surgical procedures 


VERSED not only works rapidly, it's easily titrated during balanced anesthesia. 


Compatible—ready to use 


VERSED is compatible with 5% dextrose in water, normal saline and lactated Ringer's 
solution. No reconstitution or refrigeration is needed. VERSED is 

available in unit-dose and multidose vials and Tel-E-Ject* 

disposable syringes. 


INJECTABLE 


Versi 
midazolam HCI Roche @ 


Please note Dosage and Administration Guidelines and see references and summary of 
product information on last pages of this advertisement. 








Dosage and Administration Guidelines 


Indication Usual Adult Dose 


Premedication 0.07-0.08 mg/kg 


Approx. 5 mg in the average adult. 


LV. Conscious 
Sedation 


2.0-2.5 mg (0.035 mg/kg) 1% mL) for initial 
titration in average healthy. adult. 


0.1-0.15 mg/kg is generally adequate as a 
total dose. Up to 0.2 mg/kg may be needed 
in rare cases, particularly when concomitant 
narcotics are omitted. Doses in excess of 
0.15 mg/kg may result in increased risk of 
respiratory depression or drowsiness in 
elderly or debilitated patients. 


Lower dosage by 25-30% when narcotic 
premedication is given. 


Patients over 60 require lover doses--reduce 
by 30%. 


increments of 25% of initia dose to maintain 
desired level of sedation. 


Induction Premedicated Patients 

Range: 0.15-0.35 mg/kg 

Average adult under 55: 0 25 mg/kg 

Over 55, ASA | or Il: initial gose of 0.2 mg/kg 
ASA ill or IV: 0.15 mg/kg 


Unpremedicated Patients 


Average adult under 55: 0.3-0.35 mg/kg 
initially, up to 0.6 mg/kg 


Over 55: initial dose of 0.3 mg/kg 
ASA IIl or IV: initial dose of 9.2-0.25 mg/kg 
Minimum dose of 0.15 mgg 


As a component of Approximately 25% of the duction dose 


balanced anesthesia | | should be given in response to signs of 
for short surgical lightening of anesthesia ar repeated as 


necessary. 
procedures : 





VERSED is contraindicated in patients with a known hypersensitivity to the drug. Benzodiaze- 
pines are contraindicated in patients with acute narrow angle glaucoma: however, they may be 
used in patients with open angle glaucoma only if they are receiving approsrate therapy. 


Titrate to desired effect 
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midazolam HC 


Administration 


LM., deep in a large muscle Mass, approx. 
one hour before surgery. 


May be mixed with morphine sulfate, 
meperidine, atropine or scopolamine. 





Slow LV. administration over 2 to 3 minutes: 
titrate to desired sedative end point. e., until 
the initiation of slurred speech is reached. 


Administer immediately before the proce- 
dure. Use of a topical anesthetic for peroral 
orocedures and narcotic premedication for 
bronchoscopies is recommended. 


IMPORTANT. Start with the lowest appro- 
priate dose and titrate slowly. 


dextrose in water normal saline 
or lactated Ringers solution. 





NOTE: Potency of VERSED is approximately three tc 
four times that of diazepam. 


iV administration over 20-30 seconds. 
IMPORTANT. Start with the lowest appro- 
priate dose and titrate slowly. 


lf needed to complete induction, increments 
of approximately 25% of the patient's initial 
dose may be used. 
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VERSED” (brand of midazolam HCI/Roche) «© INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 

INDICATIONS: IM: preoperative sedation: to impair memory of perioperative events. 
IV: conscious sedation prior to short diagnostic or endoscopic procedures, alone or 
with a narcotic: induction of general anesthesia before administration of other anes- 
thetic agents: as a component of intravenous supplementation of nitrous oxide and 
oxygen (balanced anesthesia) for short surgical procedures (longer procedures have 
not been studied). When used IV, VERSED is associated with a high incidence of par- 
tial or complete impairment of recall for the next several hours. 
CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzodiaz- 
epines are contraindicated in patients with acute narrow angle glaucoma; may be 
used in open angie glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: PRIOR TO IV ADMINISTRATION OF VERSED IN ANY DOSE. 
ENSURE THAT OXYGEN AND RESUSCITATIVE EQUIPMENT FOR MAINTAINING 
A PATENT AIRWAY AND SUPPORT OF VENTILATION ARE IMMEDIATELY AVAIL- 
ABLE. IV VERSED depresses respiration, and opioid agonists and other sedatives 
can add to this depression; should be administered as induction agent only by a per- 
son trained in general anesthesia. 

Do not administer in shock, coma, acute alcohol intoxication with depression of vita! 
signs. 

Guard against unintended intra-arterial injection: hazards in humans unknown. Avoid 
extravasation, 

Higher risk surgical or debilitated patients require lower dosages for induction of anes- 
thesia, premedicated or not. 

Patients with chronic obstructive pulmonary disease are unusually sensitive to the res- 
piratory depressant effect of VERSED. Patients with chronic renal failure have a 1.5- to 
2-fold increase in elimination half-life, total body clearance and volume of distribution 
of midazolam. Patients with congestive heart failure have a 2- to 3-fold increase in the 
elimination halt-life and volume of distribution of midazolam. Patients over 55 require 
lower dusages for induction of anesthesia. premedicated or not. Because elderly 
patients frequently have inefficient function of one or more organ systems, and 
because dosage requirements have been shown to decrease with age. reduce initial 
dosage and consider possibility of a profound and/or prolonged effect. 

Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 

Hypotension occurred more frequently in the canscious sedation studies in patients 
premedicated with narcotic. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activites requiring mental alertness must be individualized: it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesia, whichever is longer. 

Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chiordiazepoxide) has been 
Suggested in several studies. If VERSED is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 

PRECAUTIONS: General: Increased cough reflex and laryngospasm may occur with 
peroral endoscopic procedures. Use topical anesthetic and make necessary counter- 
measures available; use narcotic premedication for bronchoscopy. Decrease intrave- 
nous doses by 25% to 30% for elderly and debilitated patients. These patients will also 
probably take longer to recover completely after VERSED for induction of anesthesia. 
VERSED does not protect against increased intracranial pressure or circulatory 
effects noted following administration of succinyicholine. 

VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 

information for patients: Communicate the following information and instructions to 
the patient when appropriate: 

1. inform your physician about any alcohol consumption and medicine you are now 
taking, including nonprescription drugs. Aicoho! has an increased effect when con- 
sumed with benzodiazepines: therefore, caution should be exercised regarding Simul- 
taneous ingestion of alcohol and benzodiazepines. 2. Inform your physician if you are 
pregnant or are planning to become pregnant. 3. inform your physician if you are 
MuUrsityg. 

Drug interactions: The hypnotic effect of intravenous VERSED is accentuated by pre- 
medication, particularly narcotics (e.g., morphine, meperidine, fentanyl) and also 
secobarbital and Innovar (fentanyl and droperidol). Consequently, adjust the dosage 
of VERSED according to the type and amount of premedication. 


-A moderate reduction in induction dosage requirements of thiopental (about 15%) has 


been noted following use of intramuscular VERSED for premedication. 
The use of VERSED as an induction agent may result in a reduction of the inhalation 
anesthetic requirement during maintenance of anesthesia. 
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Although the possibility of minor interactive effects has not been fully studied, 
VERSED and pancuronium have been used together in patients without noting &ini- 
cally significant changes in dosage. onset or duration. VERSED does not protect 
against ‘he characteristic circulatory changes noted after administration of succinyl- 
choline ər pancuronium, or against the increased intracranial pressure noted following 
adminisiration of succinyicholine. VERSED does not cause a clinically significant 
change :n desage, onset or duration of a single intubating dose of succinyicholine. 

No significant adverse interactions with commonly used premedications or drugs used 
during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, diaz- 
epam, bydroxyzine, d-tubocurarine, succinylcholine and nondepolarizing muscle 
relaxants) of topical local anesthetics (including lidocaine. dyclonine HC! and Ceta- 
caine) have been observed. , 
Drugilaporaiory test interactions: Midazolam has not been shown to interfere with 
clinical laboratory test results. 

Carcinegenesis, mutagenesis, impairment of fertility: Midazolam maieate was 
administered to mice and rats for two years. At the highest dose (80 mq’kg/day) female 
mice had a marked increase in incidence of hepatic tumors and male rats had a small 
but significant increase in benign thyroid follicular cell tumors. These tumors were 
found alter chronic use, whereas human use will ordinarily be of single or several 
doses. 

Midazolam cid not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human lV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence af teratogenicity in rabbits and rats. 

Labor aad delivery: The use of injectable VERSED in obstetrics has not been evalu- 
ated. Because midazolam is transferred transplacentally and because other benzo- 
diazepiaes given in the last weeks of pregnancy have resulted in neonatal CNS 
depression, VERSED is not recommended for obstetrical use. 

Nursing mothers. It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness of VERSED in children below the age of 18 
have noi been established. 

ADVERSE REACTIONS: Fluctuations in vital signs following parenteral acministra- 
tion were the most frequently seen findings and included decreased tidal volume and: 
or respiratory rate decrease (23.3% of patients following IV and 10.8% of patients 
following IM administration) and apnea (15.4% of patients following IV administration), 
as well as variations in blood pressure and pulse rate. These are common occurrences 
during anesthesia and surgery and are attected by the lightening or deepening of 
anesthesia, instrumentation, intubation and use of concomitant drugs. 

in the conscious sedation studies, hypotension occurred more frequently after IV 
adminisiration in patients concurrently premedicated with meperidine. During clinical 
investigations, three cases (0.2%) of transient fall in blood pressure greater than 50% 
were reported during the induction phase. 

Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), indura- 
tion (0.5%), redness (0.5%), muscle stiffness (0.3%). Following iV administration: hic- 
coughs {3.9%}, nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%), headache (1.5%), drowsiness (1.2%): local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%)}, phlebitis 
(0.4%). Other effects (< 1%) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow resoirations, 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular con- 
tractions, vasovagai episode, tachycardia, nodal rhythm. Gastrointestinal: Acid taste, 
excessive Salivation, retching. CNS/Neuromuscular: Retrograde amnesia, euphoria, 
confusion, argumentativeness, nervousness, agitation, anxiety, grogginess, restless- 
ness, emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sleep disturbance, insomnia, nightmares, tonic/clonic 
movements, muscle tremor, involuntary movements, athetoid movements, ataxia, diz- 
ziness, dysphoria, slurred speech, dysphonia, paresthesia. Special sense: Blurred 
vision, aaplopia, nystagmus, pinpoint pupils, cyclic movements of eyelids, visual dis- 
turbance. difficulty focusing eyes, ears blocked, loss of balance, lightheadedness. 
integumentary: Hives, hive-like elevation at injection site, swelling or feeling of burn- 
ing, warmth or coldness at injection site, rash, pruritus. Miscellaneous: Yawning, leth- 
argy, chills, weakness, toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and depen- 
dence potential of midazolam suggest that its abuse potential is at least equivaient to 
that of diazepam. 

DOSAGE AND ADMINISTRATION: individualize dosage. Elderly and debilitated 
patients-generally require lower doses. Adjust dose of IV VERSED according to type 
and amount of premedication. IM use: Inject deep in large muscle mass. /V use: 
Administer slowly: rapid injection may cause respiratory depression or apnea requir- 
ing assisted or controlled ventilation. Administer initial dose over 20 to 30 seconds for 
induction of general anesthesia. May be mixed in the same syringe with morphine sul- 
fate, meperidine, atropine sulfate or scopolamine. Compatible with 5% dextrose in 
water, 0.09% sodium chloride and lactated Ringer's solution. 

OVERDOSAGE: Overdosage has not been reported. but manifestations would 
resembie those observed with other benzodiazepines (e.g., sedation, somnolence, 
confusion, impaired coordination, diminished reflexes, coma, untoward effects on vital 
Signs) o specific organ toxicity would be expected. 

SUPPLIED: Ail packages contain midazolam hydrochloride equivalent to 5 mgimL. 
Vials: 1 mL (5 mg), 2 mL (10 mg). 5 mL (25 mg), 10 mL (50 mg)—boxes of 10: 
Tel-E-Ject® disposable syringes; 2 mL (10 mg)—boxes of 10. ° ° 
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5200 CO, and 3700 SaO, Monitors with waveform and trends. Only from Ohmeda. 


Simultaneous measurement of 
ventilation and oxygenation— 
separate, yet inextricably related 
functions—allows you to quickly 
assess your patient's circulatory 
and metabolic status. That's 

the value of CO, and SaO, 
monitoring. 


Ohmeda's CO, and SaO, moni- 
tors offer sophisticated yet func- 
tional designs. Both have built-in 
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complete picture of patient per- 
formance. Both offer built-in 
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study the longer-term effect of 
intervention on ventilation and 
oxygenation 
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reason why Ohmeda CO, and 
SaO, monitoring systems belong 
together in every surgical and 
critical care service. 


Any way you look at it, they com- 
plement each other. 


We'll be happy to tell you more 
about our complementary moni- 
tors. Just talk to an Ohmeda rep- 
resentative or call 1-800-345-2700 
for a detailed brochure. 
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Does the Duration of Anesthetic Administration Affect the 
Pharmacokinetics or Metabolism of Inhaled Anesthetics 


in Humans? 


Randall L. Carpenter, MD, Edmond I. Eger Il, MD, Brynte H. Johnson, BA, 
Jashvant D. Unadkat, PhD, and Lewis B. Sheiner, MD 





CARPENTER RL, EGER El n, JOHNSON BH, 

UNADKAT JD, SHEINER LB. Does the duration of 
anesthetic administration affect the pharmacokinetics or 
metabolism of inhaled anesthetics in humans? Anesth 
Analg 1987;66:1-8. 

To define the effect of anesthetic duration on the pharma- 
cokinetics of inhaled anesthetics, we determined the phar- 
macokinetics of isoflurane, enflurane, halothane, and me- 
thoxyflurane given simultaneously to seven heal thy subjects 
for exactly 30 min and compared the results with data from 
a previous study in which these four anesthetics were ad- 
ministered for 120 min. End-tidal and mixed-expired an- 
esthetic concentrations were measured d uring washin of 
anesthetic and for 3-9 days of washout. M ultiexponential 
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We recently described a noninvasive method for as- 
sessing the pharmacokinetic characteristics of inhaled 
anesthetics in humans (1,2). Four potent inhalational 
anesthetics (isoflurane, enflurane, halothane, and 
methoxyflurane) were administered simultaneously 
for 2 hr at constant inspired concentrations. The al- 
veolar washin and washout of anesthetic and the total 
uptake and recovery of anesthetic were measured. 
Pharmacokinetic models were fit to the alveolar washin 
and washout curves, and the amount of each anes- 
thetic metabolized was derived from the uptake and 
recovery data. 

The present study was designed to assess the phar- 
macokinetic characteristics of inhaled anesthetics after 
a much shorter period (30 min) of administration. 
Comparing the data from the 30-min and 2-hr admin- 
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CGnullicompartment) models were fit by least squares to the 
alveowr washin and washout curves. We estimated the per- 
centage of anesthetic that was metabolized from total u pteke 
and recovery of anesthetic. Alveolar washout was more rapid 
after the shorter period of anesthetic administration. How- 
ever, duration of administration did not affect the time cen- 
stants determined, the number of compartments identified 
(e. five compartments were identified in both studies), or 
the percentages of anesthetic metabolized, 





Key Words: ANESTHETICS, VOLATILE—enflurare, 
halothane, isoflurane, methoxyflurane, nitrous oxide. 
PHARMACOKINETICS—kinetics, models, compart- 
ments, METABOLISM —-drug. 
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istrations of anesthetic should provide information on 
the effect of duration of administration on the follow- 
ing: 1) the rate of the alveolar washout or the position 
of alveolar washout curves; 2) the time constants de- 
termined, 3) the number of pharmacokinetic com- 
partments identified; 4) the relative metabolism of the 
anesthetics; and 5) the distribution of anesthetics to 
the tissues. We would expect the following 1) no 
effect on washin, but more rapid washout; 2) no effect 
on the time constants or number of compartments; 3) 
no effect on the relative rates of metabolism; and 4) 
distribution should be affected, the more rapidly 
equilibrating tissues acquiring relatively more anes- 
thetic during a shorter equilibration period., 


Methods 

We studied seven young (31 + 4.8 yr old) (mean + 
SD) patients, three men and four women, of average 
height (171.1 + 6.9 cm) and weight (65.2 + 7.9 kg). 
Six patients had donor nephrectomies and one had a 
colostomy revision; all patients were otherwise healthy. 
All operations were uneventful. Our study was ap- 
proved by the Committee on Human Research at the 
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University of California, San Francisco. Informed con- 
sent was obtained from each subject. 

All patients were premedicated with morphine and 
diazepam. Anesthesia was induced with thiopental 
and fentanyl. Pancuronium or vecuronium was used 
to facilitate endotracheal intubation and maintain re- 
laxation. Appropriate doses of these agents were given 
according to the needs of the patients. Patients were 
ventilated via a nonrebreathing circuit to maintain a 
normal end-tidal partial pressure of carbon dioxide 
(36.2 + 2.3) as measured by mass spectrometry. 

After normocapnia was established, the inspired 
gas was changed from 100% O; to 65-70% N3O, bal- 
ance O. Inspired and end-tidal N-O concentrations 
were measured by mass spectrometry. After 30 min 
of equilibration, the end-tidal partial pressure of N-O 
reached 98.0% of the inspired partial pressure. A mix- 
ture of potent inhalational anesthetics (isoflurane, 
0.365 + 0.009%; enflurane, 0.568 + 0.020%; halothane, 


livered to the patients. These constant inspired con- 
centrations were delivered through a nonrebreathing 
system for exactly 30 min. The average coefficient of 
variation of the measured inspired concentratien in 
all experiments for all anesthetics was 0.014. To mim- 
imize the second gas effect, the inspired concentration 
of N-O was decreased by 5% (i.e., to 60-69%) con- 
current with the introduction of the potent inhaled 
agents. After 30 min, the potent inhaled agents were 
discontinued, and anesthesia maintained for the re- 
mainder of the duration of the operation with fen- 
tanyl, thiopental, and 60-65% N2O. 

During the 30-min washin period, gas samples were 
obtained for determination of the fractional concen- 
tration of anesthetic inspired (F), in the alveoli (Fa), 
and in mixed-expired gases (Fm). Fy samples were col- 
lected proximal to the nonrebreathing valve. Fa sam- 
ples were collected through a catheter, the tip of which 
was placed near the tracheal end of the endotracheal 
tube. The endotracheal tube was connected to the 
nonrebreathing valve with a length of flexible Teflon” 
tubing with an internal volume of approximately 100 
ml? Teflon® was used to avoid absorption and release 
of anesthetic that occur with plastics such as poly- 
ethylene, and the additional 100 ml of deadspace was 
used to guard against the contamination of Fa sam- 
ples with inspired gas. Expired gases were conducted 
via flexible Teflon“ tubing to an aluminum muxing 
chamber. Fu samples were drawn distal to the alu- 
minum mixing chamber. All gas samples were col- 
lected in 50-ml glass syringes and were stored upright 
(to produce a slight positive pressure) until analyzed. 

The F, samples were collected during washin with 
each of the first five breaths after the start of admin- 
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istration for six of the seven patients and at 0.25 and 
0.5 min for the seventh patient. Fa samples were then 
collected at 0.75, 1, 1.5, 2, and 3 min. Fa, Fm, and F, 
samples were collected at 5, 7, 10, 15, 20, and 30 min. 
F, samples were not collected during the first 3 min 
for logistical reasons. Instead, the F; values measured 
at 10, 15, and 20 min were averaged and this value 
was used as the F, for the first 3 min. Adequate Fry 
samples could not be obtained during the first 3 min 
due to delayed washin of the mixing chamber. Values 
for Fy during this interval were estimated by the fol- 
lowing formula: 


Fy = faFa + foFi 


Where fa equals the fractional alveolar ventilation and 
fp equals the fractional dead space ventilation, fa and 
fp are the average values calculated from the 10, 15, 
and 20 min samples using this same formula (.e., 
substitute 1 — fa for fp and solve for fa, and substitute 
1 — f for fa and solve for fp). 

During washout (i.e., after administration of the 
anesthetic vapors was discontinued) we drew Fa and 
Fu samples at the same intervals as drawn during the 
30 min of washin. Samples were drawn thereafter at 
approximately 40, 50, 60, 75, 90, 105, 120, 150, 200, 
350, 500, 700, 1200, 1800, and 2700 min and then once 
a day for a total of 3-7 days. Minute ventilation (VE) 
was measured concurrently with the above samples 
using a water seal spirometer. To ensure that the in- 
spired concentration of the four anesthetics was zero, 
the delivery tubing was changed at the start of wash- 
out. Similarly, samples taken after the first 2~4 hr of 
elimination were collected in “fresh” glass syringes 
that had not been used to draw samples at the higher, 
anesthetizing, concentrations. The sampling protocol 
was interrupted during washout by the end of surgery 
and extubation. Gas samples were not collected after 
extubation until the patients were awake enough to 
be cooperative, and samples were then collected 
through a mouthpiece and a low resistance nonre- 
breathing valve. Noseclips were used to prevent 
breathing through the nose. 

To separate and detect isoflurane, enflurane, halo- 
thane, and methoxyflurane, we used a two column 
gas chromatograph (Tracor Model 550). Each column 
was composed of 10% SE 96 on Chromasorb WHP, 
68/80-mesh, 0.32 cm by 6.1 m. Nitrogen carrier was 
delivered at 45 ml/min through the column to a flame 
ionization detector at 200°C, which was supplied by 
hydrogen at 40 ml/min and air at 280 ml/min. One 
column was maintained at 30°C and was used to sep- 
arate isoflurane, enflurane, and halothane whose re- 
tention times were 3, 3.5, and 5 min, respectively. 
The second column was kept at 65-70°C and was used 
to separate methoxyflurane from the other anes- 
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thetics. Results were recorded separately on a dual 
channel strip recorder. Peak heights were propor- 
tional to concentration over the entire range of con- 
centrations studied. Calibration standards prepared 
as described previously (3), were injected at intervals 
during each study. 

The ratio of F4 to F, (F4/F,) was used to define the 
washin of anesthetic. The ratio of F, to F ao (Fa/Fac) 
was used to define the washout of anesthetic. Fag is 
the alveolar concentration of anesthetic immediately 
before discontinuation of anesthetic administration. 

Multiexponential (multicompartment) models of the 
form 


3} 


S A; 
= 1 eae p Àt 
n re i Al ( t ) 


and 


were fit to the washin and washout data, respectively 
using least squares analysis (BMDP statistical pack- 
age, (4)). We fit equations (models) having succes- 
sively more exponents (interpreted as compartments) 
to the data for each anesthetic in each patient (i.e., 
28 data sets were obtained). For each data set, the 
model with the greatest number of compartments 
(highest 1) that significantly decreased the residual 
sum of squares from the model having one less com- 
partment (7 — 1) was considered to provide the “best 
fit” (P < 0.05, F test) (5). 

Time constants were calculated as 1/A, for each com- 
partment. The time constants, for each compartment 
of the five compartment models, were compared among 
the anesthetics. The statistical significance of any dif- 
ference was assessed using paired t-tests with the 
Bonferroni correction for multiple comparisons (6). 
The time constants (for each compartment and each 
anesthetic) were also compared with those deter- 
mined in the 2-hr anesthetic administration study. 
The significance of these differences was assessed by 
unpaired t-tests, again using the Bonferroni correc- 
tion. 

To assess the total uptake of anesthetic and the 
total elimination of anesthetic by ventilation, uptake 
and elimination rates were calculated for each anes- 
thetic at each time point. The uptake rates were cal- 
culated as VE(F, — Fm). The elimination rates were 
calculated as VE-Fy,. Total uptake for each anesthetic 
was estimated as the area under the curve generated 
by plotting the anesthetic uptake rate against time 
(trapezoidal method). Total recovery of unchanged 
anesthetic in exhaled gases (i.e., elimination by ven- 
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Figure 1. The increase in the ratio of the alveolar to the inspired 
anestaetic concentration (F4/F,) plotted against time (n = 7) (Values 
are mean + SEM for 15-min points). 


tilaton) was calculated by the same method, and the 
terminal recovery was estimated as the product of the 
elimenation rate at the final time point multiplied by 
the ‘erminal time constant. The total recovery was 
divided by the total uptake for each anesthetic, and 
mulaplied by 100 to produce the percentage re- 
covered. 

Te assess metabolism, we first assumed that iso- 
flurane was not metabolized, but that not all isoflur- 
ane vould be recovered because of loss through the 
wouad or skin and in the urine or feces.” We also 
assumed that these other sources of anesthetic loss 
woud equally decrease the recovery of each anes- 
thetic. To compensate for these losses, the percentage 
recovery of each anesthetic was normalized to that of 
isoflarane by dividing the percentage recovery for the 
anes hetic by the percentage recovery for isofiurane. 
Deficits in normalized recovery were assumed to be 
due -o metabolism (the normalized metabolism). 
Metabolism was also assessed by comparing the 
total clearances of the anesthetics. Total clearance was 
calcudated by dividing the dose of anesthetic delivered 
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Figure 2. The decline in the alveolar concentration is expressed as 
a ratio of the alveolar concentration at a given time (Fa) to the 
alveolar concentration immediately before discontinuation of an- 
esthetic (Fao) and is plotted against time. (Values are mean + SEM 
for the 725-min, and the 2- and 4-day time points) (n = 7). 


to the alveoli (FrVA-30 min, where VA = fa: VE) by the 
area under the alveolar washin and washout curves 
(which was estimated by plotting the alveolar anes- 
thetic concentration against time and calculating the 
area under the curve using the trapezoidal method). 
We normalized the clearance of each anesthetic to that 
of isoflurane using the same assumptions made for 
the mass balance calculation (i.e., that isoflurane is 
not metabolized and that it is eliminated only by the 
lungs or through “other sources of anesthetic loss’’). 
For a given patient, we also assumed that clearances 
of the four anesthetics by ventilation differed solely 
as a result of differences in their blood/gas partition 
coefficients. With these assumptions, the clearance 
for any anesthetic by factors other than metabolism 
(largely in exhaled gases) equals the total clearance of 
isoflurane multiplied by the ratio of the isoflurane 
blood/gas partition coefficient to the partition coeffi- 
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Figure 3. The decline in the alveolar concentration is expressed as 
a ratio of the alveolar concentration at a given time (Fa) to the 
alveolar concentration immediately before discontinuation of an- 
esthetic (Fao) and is plotted against time for both the 30-min (n = 
7) and 2-hr (n = 9) anesthetic administrations. The Fa/Fao ratio is 
seen to decrease more rapidly after the shorter anesthetic admin- 


istration, and the halothane curve is seen to cross the isoflurane — 


curve earlier in the washout. (Values are mean + SEM). 


cient of the other anesthetic. The clearance of anes- 
thetic due to these factors (i.e., other than metabo- 
lism) was subtracted from the total clearance, to obtain 
the residual clearance. Residual clearance divided by 
total clearance, and multiplied by 100, equals the per- 
centage of anesthetic cleared by metabolism. 

The recovery of anesthetic from individual com- 
partments was estimated as: 


% recovery from compartment i 


= (Ar A VS (Ar As’) 
i=] 


where A; and A; are the values determined for the five 
compartments identified by pharmacokinetic analysis 
of the alveolar washout (of each anesthetic in each 
patient). The recoveries from each compartment were 
compared between the anesthetics by paired t-tests 
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Table 1. Coefficients (A,) for Washout Data Sets Best Described by Five-Compartment Models 
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Isoflurane Enflurane Halothane Methox yflurane 
Compartment (n = 7) (m= (i = 7} (n = 4) 
ł 5679 + 118 5338 + 174 5420 = 180 56t8 + 173 
2 3155 + 93 3399 + 136 3382 + 198 3269 + 271 
3 h66 + 83 827 + 98 645 + 79 656 + 13 
4 99 + 4 1ié +54 98 + 13 96 + 18 
5 Lf 4 2] + 12 = 3 9G *# 5 
Data are mean + sem. All values are multiplied by HP, 


with the Bonferroni correction for multiple compari- 
sons. We also compared the anesthetic recoveries from 
each compartment with the recoveries determined for 
the 2-hr anesthetic administration. The significance 
of these differences were assessed by unpaired t-tests, 
again with the Bonferroni correction. 


Results 


The rate of increase in the F,/F, ratio was inversely 
proportional to the solubility of each anesthetic in 
blood (Fig. 1). In contrast, the rates of decline in the 
Fa/Fac ratios were not directly proportional to the 
anesthetic solubilities (Fig. 2). The ratio for halothane 
decreased below that for enflurane in 19.1 + 6.0 min 
(mean + SEM) and below that for isoflurane in 
83.9 + 34.6 min (Fig. 3). The halothane concentrations 
at the time of these crossovers were 0.0162 + 0.0043% 
and 0.0046 + 0.001%, respectively. Similarly, the ratio 
for methoxyflurane decreased below that for enflur- 
ane in 122.4 + 64.8 min, and the methoxyflurane 
concentration at this time was 0.0008 + 0.0003%. The 
terminal rate of decline was linear in all patients. 
Alveolar washin data were “best fit’ by a two- 
compartment model for 23 of 28 data sets (four 
anesthetics in each of the seven patients) and by a 
three-compartment model for the other five data sets. 
Although the residual sums of squares of five of the 
three-compartment models were significantly lower 
than their respective two-compartment models, these 


the third compartment (> 100%) or poor separation of 
the compartments identified (as low as a twofold dif- 
ference in time constants for adjacent compartments). 

The alveolar washout data were “best fit” by a five- 
compartment model for 25 of the 28 data sets (four 
anesthetics in each of the seven patients) (Tables 1 
and 2). Three sets of methoxyflurane data were in- 
complete because we could not detect the low con- 
centrations present after only 2-3 days of washout. 
Because the terminal washout could not be measured, 
we were unable to accurately identify the terminal 


compartment for these three data sets and could only 
fit four-compartment models. A  six-compartment 
model did not provide a better fit for any data set. 
The maximum mean coefficients of variation of the 
time constants determined for compartments one 
through five (i.e., the largest mean coefficient of vari- 
ation for any one of the four anesthetics) were 0.26, 
0.14. 0.21, 0.32, and 0.13, respectively. The time con- 
stants for all four anesthetics were similar for each 
compartment (Table 2). None of the time constants 
determined in this study were significantly different 
trom those determined for the 2-hr anesthetic admin- 
istration (using the Bonferroni correction for 4 com- 
parisons, we accept P < 0.0125 as significant). 


thane, and least with methoxyflurane (Table 3). 

The percentage of anesthetic that was recovered 
from each compartment was similar for each anes- 
thetic (Table 4). The percent recoveries from the first 
and second compartments were significantly greater 
thanthe recoveries from these compartments after the 
2-hr anesthetic administration (P < 0.001). Although 
the average percentage of anesthetic recovered from 
the fifth compartment in this study was less than after 
the 2-hr administration, the difference did not reach 
statistical significance. 


Discussion 


The rates of rise in the alveolar concentrations of the 
five anesthetics (F,/F, ratios, Fig. 1) did not differ from 
those we found previously for the first 30 min cf anes- 
thesia (1). The separation of the graphs are consistent 
with the blood/gas partition coefficients of the agents: 
the enflurane curve was equidistant from the curves 
tor isoflurane and halothane, just as the partition coef- 
ficient for enflurane is midway between the partition 
coefficients for isoflurane and halothane. 
In-contrast, a faster alveolar washout followed the 
shorter anesthetic administration (Fig. 3). For exam- 
ple, efter 30 min of washout the F,/F,4. ratio for iso- 
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Table 2. Calculated Time Constants (1/A,) for Five-Compartment Models of Alveolar Washout Compared with Those 








Predicted Using Current Interpretations of Uptake and Distribution 


























Isoflurane Enflurane Halothane Methoxyflurane 
{n = 7) G1 = 7) (1 = 7) {in = 4) 
Calculated time constants (min) 
Compartment 
1 0.29 + 0.02¢ 0.25 + 0.02" 0.27 + 0.01 0,13 + 0.07 
2 6.13 + 0.41 5.99 + 0.54 7.41 + 0.52 8.26 + 0.44 
3 56.2 + 2.81 57.5 + 2.74 yee mesg: al) 55.8 + 14.0 
4 405 + 36 433 + 28 347 + 53 356 + 23 
3 2037 + 398 1942 + 320° 2294 + 458" 2350 2 32/7 
sy ate stl Sato SRSA ani E ie 
Predicted time constants (min) 
Pulmonary 
Washout 0.50 0.50 0.50 0.50 
VRG 2.69 2.10 3.00 1.48 
MG 50.7 36.3 477 33.0 
FG 2545 2005 3135 2820 
Data are mean + SEM. 
Abbreviations: VRG, vessel-rich group; MG, muscle group; PG, fat group. 
‘Significantly different from each other for this compartment (P = 0.008). 
Table 3. Estimates of Metabolism Based on Mass Balance Data 
Recovery 
Total normalized to Normalized 
Total uptake recovered Recovery isoflurane metabolism 
Anesthetic (ml) (ml) (%) (%&) (%) 
Isoflurane 114.1 + 4.4 116.0 + 3.8 101.8 = 1d 100.0 (F 
Enflurane 213.4 + 10.4 193.1) = 7:6 90.8 + 2.0 §9.2 + 1.2 108 3 1.2 
Halothane 98.5 + 4.7 58.5 + 1.9 59.7 + 1.9 58.6 + 1.4 4}.4 + 1.4 
Methoxyflurane 44.7 + 6.7 9,7 + 2.3 20.8 + L7 20.4 + 1.5 79.6 + 1.5 





Values are mean + SEM for nine patients. 
“Isoflurane metabolism was defined as zero for this calculation. 


flurane averaged 0.055 in this study, as compared to 
0.134 after 2 hr of isoflurane administration. These 
relative results are consistent with observations made 
for isoflurane in man (7) and predictions made using 
computer simulation models (8). The faster decline in 
the alveolar partial pressure is due in largest part to 
the lesser equilibration with anesthetic that occurs 
during the shorter period of administration, and the 
resulting greater effect of redistribution during recov- 
ery from anesthesia. 

The duration of anesthetic administration did not 
afféct the relative positions of the washout curves. 
The halothane and methoxyflurane curves crossed the 
enflurane curve (Fig. 2), indicating a more rapid elim- 
ination of these two anesthetics despite their greater 
solubility in blood. The halothane curve also crossed 
the isoflurane curve. The more rapid decline for halo- 
thane and methoxyflurane was also noted in our pre- 
vious study and was attributed to the metabolism of 
these anesthetics. 

The duration of anesthetic administration did affect 
the time after anesthesia at which the halothane and 
methoxyflurane curves crossed those for enflurane 
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and isoflurane. The curves crossed significantly ear- 
lier after the shorter anesthetic administration (P < 
0.02, t-test of crossover times). For example, after the 
half hour administration, the halothane curve crossed 
the isoflurane curve an average of 84 min into the 
washout period as compared to 203 min after the longer 
anesthetic administration. However, the absolute 
halothane concentrations at the time of crossover 
(0.0046 + 0.001% and 0.0047 + 0.0007%) were the 
same for both the 30 min and the 2-hr administrations. 
This finding supports our suggestion (1), that metab- 
olism increasingly affects the elimination of halothane 
when the halothane partial pressure reaches the K,, 
(the anesthetic partial pressure at which metabolism 
occurs at half the maximum rate). Because the F,/Fao 
ratios decline more rapidly after a brief anesthesia, a 
greater effect of metabolism is seen earlier in the 
washout period. If this interpretation is correct, it sug- 
gests that metabolism may play a more important role 
in the recovery from halothane and methoxyflurane 
anesthesia after a shorter duration of anesthetic 
administration. 

Duration of anesthetic administration did not affect 
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Table 4. Percent of Total Anesthetic Recovery Attributed to Each of the Five Compartments for This Study (30-min 


Administration) and the Previous Study (2-hr Administration) 





Pereent/compartment 


Anesthetic l 2 3 4 5 

30-min 

Isoflurane 12 0ft 14.4 + 1,27 ofa E 30.1 + 2.7 27.0 + 5.5 

Enflurane DSa 0.08" 22 E EOS 29.3 + 3.6 31.4 + 3.0 2 Ep] 

Halothane oe N 20.9 2 Be 43 Dr E leh 220 2 5s) 

Methoxyflurane 0.6 + 0.1? 19.4 + 3.8 20.3 £ 4.7 22.7 > 3,4 31.1 + 8.1 
2-hré 

Isoflurane 0.3 = 071 oY can | 26.6 + 1.0 33.7 = 25 33.6 + 3.2 

Enflurane 0.2 = 01 4.8 + 0.9 25.9 + 1.3 33.7 + 2.8 35.4 + 3.3 

Halothane 0.3 = 0.1 6.7 2-15 30,5 2-24) 2/4 5 29.1 + 3.0 

Methoxyflurane Oh 00 34-208 oF Arenas a 31.6 + 4.7 31.1 + 4.7 
aaa ol ee SS 


Values are means + SEM. 1 = 7 for isoflurane, enflurane, and halothane: n = 4 for tke 30-min methoxyflurane data; and n = 6 for the 2-hr methcxyflurane 


data. 


+t Pairs of values are significantly different from each other for this compartment (7 < 0.008). 


“These results are calculated from data reported in references 1 and 2. 


the time constants determined for the five compart- 
ments (Table 2). The time constants for the first, sec- 
ond, third, and fifth compartments were consistent 
with those predicted (using known tissue blood flows 
and solubilities) for pulmonary washin, the vessel rich 
group, the muscle group, and the fat group, respec- 
tively. Within each compartment, the time constants 
were comparable among the anesthetics. This finding 
is consistent with the identity of blood flow to a given 
compartment and the similarity of the tissue/blood 
partition coefficients for these anesthetics. 

In addition to the four conventional compartments, 
we found a new compartment that equilibrates at a 
rate between that predicted for muscle and fat, which 
we call the fourth compartment (Table 2). Fat becomes 
the fifth compartment in our model. We previously 
suggested that red marrow may account for approx- 
imately one quarter of the anesthetic distributed to 
the fourth compartment (1). The other tissue groups 
that comprise this compartment are not obvious. We 
have speculated on the composition of the fourth 
compartment elsewhere (1), and this study does not 
provide additional information regarding the identity 
of this compartment. 

Duration of anesthesia did not affect the estimates 
for anesthetic metabolism (Table 3). We expected a 
slightly greater metabolism for the shorter anesthetic 
administration because the faster alveolar washout 
should result in a shorter period above K,, during 
washout. However, the expected increase in metab- 
olism did not occur, most likely because we admin- 
istered inspired concentrations that were 3—40% higher 
than those in the 2-hr administration (higher inspired 
concentrations decrease the percent of anesthetic me- 
tabolized) (3,9). 

The rates of metabolism from both our 30-min and 


our <-hr studies are consistent with results from other 
studies that have estimated metabolism from mass- 
balamce (3,10-13). The rates of metabolism from all 
mass balance studies are higher than the rates esti- 
mated from recovery of anesthetic metabolites (10-12). 
The difference probably reflects the inability of studies 
using metabolite recovery to account for all metabo- 
lites. 

Duration of anesthetic administration did alter the 
distribution of the anesthetics to individual compart- 
menis, as indicated by the percent of total recovery 
attributed to each compartment (Table 4). For the 
shorter anesthetic administration, a greater percent 
of anesthetic came from the first (pulmonary wash- 
out) and second (vessel rich group) compartments 
and a smaller percent from the fifth compartment (fat 
group). This observation is consistent with current 
notions of uptake and distribution: using the time 
constants given by our five compartment model, the 
times required to reach 95% saturation in the five 
compartments are approximately 1 min, 15-29 min, 
2.5-3 hr, 60 hr, and 4-5 days, respectively. The first 
and second compartments equilibrate in 20 min, and 
the succeeding anesthetic uptake is by the third, fourth, 
and fifth compartments. Thus at a given alveolar con- 
centration, the total uptake by the first and second 
compartments should be the same for the 30-min and 
2-hr administrations, but the percent of the tozal up- 
take by these two compartments will be smaller for 
longer anesthetic administrations. 


na 
Isoflurane (Forane*) and enflurane (Ethrane“) for this study were 
donated by Anaquest. Halothane (Fluothane®) was donated by 
Ayerst Laboratories. 
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BOKESCH PM, RAYMOND SA, STRICHARTZ GR. 
Dependence of lidocaine potency on pH and Pecos. 
1987 ;66:9-17. 


Lidocaine solutions with different concentrations of CO., 
NaOH, and HCI in two buffering systems were applied to 
frog sciatic nerves. The peak of the compound action poten- 
tial (AP) and the firing threshold for single axons were 
measured. The amount of lidocaine required at steady state 
to double the firing threshold of single fibers or to reduce 
the peak of the AP. by 40% was used as the index of potency. 
Acidification with CO; increased potency (less lidocaine was 
needed to achieve either criterion), whereas acidification with 





tthe wr amaaan te: 


HCI diminished potency, as compared with alkaline con- 
ditions. These results were true whether or not the peri- 
neurium was present. Frequency-dependent block (B,) in- 
creased in acid conditions produced by CO», whereas B, was 
less ender acid conditions produced with HCI (P < 0.02). 
The experiments indicate that CO, potentiates conduction 
block wath lidocaine either by a direct effect on the membrane 
or by its mdirect action on intracellular PH, but not from 
effects on the extracellular pH. 


Key Words: ANESTHETICS, tocat—lidocaine. 
CARBON DIOXIDE, tenston-—neural effects. 
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Initial studies of the neurophysiologic effects of pH 
did not discriminate among specific acids, bases, or 
buffers. Thus reduced excitability in acid conditions 
was reported when Pco, was varied in the atmos- 
phere surrounding excised nerves (1-3). However, 
changes in pH produced with other acids or bases 
had little effect on excitability or conduction velocity 
(4) or on ionic currents in frog node over the range 
of pH studied here (pH 6.5~9.00) (5-7). Carbon diox- 
ide is thus not a typical acid and has long been known 
to decrease excitability of nerves and to stop spon- 
taneous firing in oxygen atmospheres or in solutions 
depleted of calcium, actions that acidification alone 
does not duplicate (4,8). 

In anesthesia there has been considerable interest 
in the effects of pH on the potency of tertiary amine 
local anesthetics, such as lidocaine, that interconvert 
rapidly between an uncharged free amine base and a 
cationic protonated form. As the pH increases, this 
interconversion is biased towards the uncharged spe- 
cies, and lidocaine (pKa 8.2 at 25°C) is thus more 
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permeant through the cell membrane and other lipid 
diffusion barriers such as the nerve sheath in more 
alkaline conditions (9-11). The pH also influences the 
partitioning of anesthetic between aqueous solutions 
and biologic membranes, which can be expected to 
have strong effects on the rate of diffusion of anes- 
theties to the center of a nerve (9,12). There is a con- 
sensus that for nerves with intact sheaths, local an- 
esthetics are more potent in alkaline conditions than 
in neutral or acid conditions (12,13-16). However, 
acidification with CO, has been reported to enhance 
both rate and potency of local anesthetic action 
(11,17,18). Evidence from clinical studies concerning 
the benefits of carbonated lidocaine in epidural anes- 
thesia is contradictory (17,19-21). Blocking action in- 
creases reversibly with increases in PCO; in excised 
nerves bathed by solutions containing lidocaine, pro- 
caine (18,11,22), or bupivacaine (23,24). Investigators 
have attributed this result to diffusion trapping + of the 
cationic form in pH gradients (23,24) combined with 
a direct depressant action of CO, (18,22). 

At steady state, potency depends, in part, on the 
“local” concentration of anesthetic in the region(s) of 
the membrane where it acts to block sodium channels. 
Local concentrations of drug depend on the ratio of 
neutral and charged form, which vary with pH (12). 
Presently it is not possible to predict the pH-depen- 
dence of blocking action, nor the combined effects of 
CO., and anesthetic on single fibers. 

For these reasons we have studied the effects of 
lidocaine in two different systems in parallel: in a 
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desheathed whole sciatic nerve where the peak of the 
compound action potential was monitored, and in 
single sciatic fibers remaining within the sheath where 
the threshold for firing an impulse was measured. 

Results from both systems corresponded, showing 
that neither the presence of the sheath, temporal dis- 
persion of the compound action potential, nor failure 
to attain steady state can account for our major result: 

that the blocking effect of given concentrations of lid- 
ocaine is diminished at steady state by acidification 
with HCI, but is enhanced by acidification with CO». 


Materials and Methods 


The sciatic nerves of Rana pipiens were used for all 
experiments. For the sucrose gap preparation used to 
record compound action potential (AP.), the nerve 
bundle was desheathed, split in half longitudinally, 
and mounted in a chamber according to the method 
first described by Stampfli (25). The nerve bundle was 
stimulated with square current pulses at 1.5-2.0 times 
supramaximal intensity and lasting 0.05 msec. The 
AP. was displayed on a storage oscilloscope and pho- 
tographed. Thus the AP. amplitude would change if 
the fibers were blocked, if there was substantial tem- 
poral dispersion in the 0.8-cm region exposed to drug, 
or if individual unit action potentials were reduced in 
amplitude. The stimulus was applied at a region of 
the nerve not exposed to drug and was held constant 
throughout the experiment. Temperature was main- 
tained at 20—22°C. Ionic solutions were perfused con- 
stantly through the chamber. Control AP.s were re- 

corded with the nerve stimulated once per minute at 
40 Hz in frog Ringer solution (HEPES solution) (Table 
1) or in Boyle~Conway bicarbonate solution (BC-CO>) 
(Table 7 The pH of the HEPES gaion was o 


was peer by varying , concentrations of CO. nea 
with air and oxygen and bubbled through the solu- 
tions. The concentration of CO, ranged from 0.2% to 
approximately 10% in these experiments. The pH of 
all perfusates was monitored continuously using a pH 
electrode mounted upstream of the nerve chamber. 
Only the bathing solution pH (pH,) was measured. 
Lidocaine solution (100 mM) was prepared from the 
dried HCI salt (Astra Pharmaceuticals, Worcester, MA), 
diluted in distilled water, and stored at ~ 20°C. The 
desired concentration of lidocaine was prepared by 
diluting the stock solution into frog Ringer solution 
or BC-COs. 

After obtaining AP.s from nerves in the control 
solution, the solution was switched to one containing 
a known concentration of lidocaine in the same buffer 
and at the same pH as the control solution. The nerve 
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Table 1. Composition of Solutions 
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HEPES Solution Boyle-Conway Bicarbonate 


(mmol)’ 7 Solution (mmol)" 
Nac 114 NaCl 80.5 
KCI 2.5 KCI 1.99 
CaCl, 2.0) CaCl, i 
HEPES I0 MgsQ, 1.17 


ae i 0.66 


a. 2.55 
KH-PO, 0.52 
Glucose 3.3 
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“pH adjusted with IN HCI or 3N NaOH, 
“oH adjusted by Poo. using mixtures of 0.2-10% COs in air and oxygen. 


was allowed to equilibrate with the anesthetic until a 
steady state level of block was reached as determined 
by identical recordings of the AP. over 5 min. Mea- 
surements of the AP. were obtained at stimulation 
frequencies of once per minute and 40 Hz. Tonic block 
(B,) was calculated as the percent decrease in ampli- 
tude of the AP. under steady state conditions, which 
were usually achieved within 15 min, with the nerve 
stimulated once per minute. Phasic or frequency-de- 
pendent block (B,) was calculated as the additional 
decrease in amplitude of the AP. at high-frequency 
stimulation (40 Hz). 


(control amplitude ~ B, amplitude with drug) 
control amplitude 
x 100 (1) 


B% = (B, amplitude — amp litude at 40 Hz) x 100 
B, amplitude 
(2) 


In the HEPES buffered solutions, a fresh nerve 
bundle was used for each pH tested, even though the 


AP. recovered to control amplitude with washout of 


the drug. Results for B, and B in HEPES buffer were 
determined from three separate tests at each pH. In 
the BC-CO, buffer solutions, control amplitudes of 
the AP. were obtained at pH 6.4, 7.2, and 8.0. The 
same nerve bundle was then perfused with a BC-CO, 
solution containing lidocaine at pH 7.2 and B, and B; 
were measured at steady state. The pH of the lido- 
caine-containing solution was then adjusted between 
6.4 and 8.6 by varying the CO:, and measurements 
of B, and B; were repeated. Therefore, in the BC-CO, 
buffer, measurements at B, and B; were obtained on 
the same nerve bundle at more than one pH value 
for each concentration of lidocaine. 

Monitoring threshold permits observations of 
changes in electrical excitability of single fibers that 
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Figure 1. AA action potentials vs pH in HEPES and BC- 
CO; solutions. Top traces are from nerves in BC-CO. solution; 
bottom traces are from nerves in HEPES solution. Changing the 
pH with COs NaOH, or HCI had no demonstrable effect on the 
amplitude of the AP,, although the AP waveform seemed to be 
somewhat longer lasting in BC-CO, solutions. 


continue to conduct impulses in the presence of local 
anesthetic. Both measurements, firing threshold and 
AP. height, are influenced by the molecular action of 
lidocaine. Impulses fail as lidocaine blocks sodium 
channels, lowering sodium permeability (Px) and re- 
ducing the available current necessary to sustain im- 
pulse propagation. Lowering Pwa also raises thresh- 
old, both in nerve fiber models (26) and in experimental 
studies of single fibers (27). The effect on threshold 
can be detected at concentrations well below those 
needed to block conduction. Here we have used 
“blocking action” to refer both to impulse blockade 
and to elevated threshold. 

Firing threshold was measured using the threshold 
hunting technique of Raymond (28). Frog sciatic nerves 
were excised and the entire trunk was immersed in 
the solution with its sheath intact. At the distal end, 
1 cm of sheath was removed, individual axons were 
teased from the sciatic nerve bundle, and an action 
potential from a single fiber was recorded (DC) using 
Ag/AgCl contacts and suction electrodes. The record- 
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Figuse 2. Changes in threshold vs pH in HEPES and BC-CO, so- 


lutioas, In BC CO; solutions, the pH was slowly increased (as 
shown by the direction of the arrows) by reducing PCO: in the gas 
mixture bubbled through the solution, In HEPES solution pH was 
changed by adding HCI or NaOH. Threshold did not change in 
HEPES solution between pH 6.6 and 8.0. Threshold changed dra- 
matically in BC-CO, solution between pH 6.8 and 8.0. 


ing electrodes were located at least 6 cm from the 
regien of stimulation. Threshold was measured by 
recording the variations required in the duration of 
current pulses of fixed amplitude to maintain the 
probability at 50% that an action potential would fire 
for each stimulus. All experiments were done at 18°C, 
Resting threshold was recorded by testing the axon 
every 2 sec throughout each experiment. Licocaine 
solutions of known concentration were prepared as 
described above in frog Ringer solution or in BC-CO, 
and perfused euen the nerve preparation. Raw 
data were plotted as in Figure 3A as the threshold 
(duration in usec of each test pulse) vs elapsed time. 
Thus they reflect the sequential changes in the excit- 
ability of a single fiber exposed to varying concentra- 
tions of lidocaine in solutions at various pH values. 


Results 
Tonic Effects 


Charges in the amplitude of the AP. were not ob- 
served in either the HEPES or the BC-CO, solutions 
in the pH range 6.4-8.0. Figure 1 shows the constant 
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Figure 3. Effects of CO2 on threshold in HEPES solution. (A) The top curve represents the tracking of threshold in HEPES solution, and 
the bottom curve indicates the pH recorded upstream from the chamber as it dropped when 5% CO; was bubbled through the circulating 
solution. The abcissa shows elapsed time in minutes. The threshold rose and fell with CO . (B) Data from (A) are replotted vs pH. 
Corresponding points were taken after compensating for the lag between pH measured in the supply stream and the change in threshold 
of the fiber in the chamber. Although this plot does not represent a steady state relation, comparison with Figure 2 (replotted as dashed 
lines in Fig. 3B) suggests that the action of CO, in HEPES solution is at least as great as in BC-CQ3. 


amplitude of the AP, in both solutions. The conducted 
impulse has a large margin of safety for conduction 
(29), and thus the AP. as measured here will not change 
amplitude to reveal sub-blocking shifts in excitability. 
Only actions that had compromised conduction to the 
point where impulses were dramatically slowed or 
were blocked in some of the fibers could have been 
seen; no such large changes occurred. 

The effects of changing pH on the resting threshold 
of the two different buffers are shown in Figure 2. In 
the pH range 6.8-8.0, resting threshold did not vary 
in HEPES solution, but it did in BC-CO, solution. In 
the latter, the resting threshold decreased inversely 
with pH, i.e., was directly related to the concentration 
of CO. Acidification, by increasing PCO, increased 
resting threshold, causing the fiber to become less 
excitable. Changes in extracellular pH alone cannot 
account for the changes in threshold in BC-CO, so- 
lution because no such changes in excitability were 
observed in the HEPES buffer over the same pH range. 
These results indicate either that the presence of HEPES 
buffer is preventing threshold changes with varying 


pH, or that CO, itself was affecting resting threshold. 
To resolve these two possibilities, CO2 was added to 
the HEPES buffered solution. The effects on resting 
threshold were similar to those observed in BC-CO, 
(Fig. 3); as the concentration of CO, increased, resting 
threshold also increased. Therefore, CO, has char- 
acteristic effects on resting threshold independent of 
the external pH or the presence of HEPES buffer. 


Tonic Effects With Lidocaine Present 


The concentration of lidocaine required to decrease 
the amplitude of the AP. by 40% or to double the 
threshold is plotted as a function of pH in Figure 4. 
In HEPES solution adjusted with HCl and NaOH, 
more lidocaine was required at pH 6.4 to block the 
AP, or to raise threshold than at pH 8.0. The opposite 
was observed in BC-CO, buffer with pH adjusted by 
CO; less lidocaine was needed at acid pH to block 
the AP. (Fig. 4B) or to raise threshold (Fig. 4A). Lid- 
ocaine at pH 6.4 appears to be threefold to eightfold 
more potent in BC-CO, solution with CO, present 
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Figure 4. (A) Concentration of lidocaine required to double threshold. BC-CÐ; solution: a fiber conducting at 21 m/sec was equilibrated 
with BC-CO, solution at 10% Pco2 (pH 6.65). Enough lidocaine was added tæ double the threshold (open circles). The proportion of CO, 
was diminished in stages to 0.2% at pH 8.2, and lidocaine was added as need=d to “clamp” the threshold at the doubled value. All fibers 
studied (n = 6) showed a similar relation. HEPES solution: a fiber conducting-at 20 m/sec was bathed in HEPES solution at pH 8. Enough 
lidocaine was added to double resting threshold (filled triangles). More lidocaine was added after each increment in HCI so as to hold 
the threshold at the elevated level. (B) Concentration of lidocaine required te produce a 40% decrease in the amplitude of the AP«: For 
BC-CO, solution, open circles show the concentration of lidocaine yielding 48% block at each pH. For HEPES solution, triangles denote 
the concentration that would be required to give 40% block obtained from dcse—response curves for block at each pH. 


than in HEPES solution without CO}. The potency of 
lidocaine was approximately the same in both con- 
ditions at pH 8.0 where neither solution contained 
much CO2. We believe that the apparent increase in 
relative potency in BC-CO, occurred at least in part 
because the direct action of CO, added to the effect 
of the local anesthetic. 

In both of the techniques used here, preliminary 
experiments identified the direction (acidification vs 
alkalization) in which increasing concentrations of lid- 
ocaine would be required to hold constant the ele- 
vated level of threshold or the amount of B,. The 
experiments were then consistently performed by ad- 
justing the pH in that direction, observing a drop in 
threshold or increase in AP, and adding sufficient 
lidocaine to restore the original level of block. Because 
these titrations were slow, the total duration of ex- 


posure to the drug was several hours. As a check on 
the importance of prolonged exposure to degree of 
block, several pH values were selected, and a bolus 
of lidocaine added to the fresh nerve to confirm that 
a simlar B, of 40% was obtained within 30 min. Usu- 
ally 15 min sufficed to reach steady state level. These 
exper-ments indicate that changing the solution pH 
so as -o reduce block leads to a long-lasting require- 
ment for increased concentration of anesthetic. The 
increase in concentration required to maintain a dou- 
bled threshold in single fibers exposed over 6 cm within 
the nerve sheath matched rather closely the increases 
in corcentration required to hold block of the AP, at 
40% in desheathed nerves. 

When lidocaine was used to reduce the margin of 
safety. we observed a blocking action of CO, on the 
compcund action potential. Increasing PCO, reversi- 
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Figure 5. pH dependence of frequency-dependent block (Be) in 
HEPES and BC-CO, solutions. The amplitude of the last AP. of a 
40 Hz burst is plotted as a percentage of the amplitude of the AP. 
during tonic block stimulated once per minute vs pH. The mean 
standard deviation is shown. A two-tailed f-test showed that the 
difference in B; was significant (P < 0.02) at pH 7.2 and 6.4. 


bly decreased the amplitude of the AP, in a nerve 
equilibrated with BC-CO, solution containing 0.5 mM 
lidocaine. This result is a second demonstration of the 
finding that less lidocaine is required to block im- 
pulses when CO, is present in BC-CO, solution (Fig. 
4B), although it does not demonstrate that CO, is 
acting directly. Lidocaine already present in nerves 
may have been potentiated by CO2. This is not a pos- 
sibility for the threshold experiments, which do show 
a direct effect of CO3. 


Effects of pH on Activity-Dependence in BC-CO, 
and HEPES Solutions 
_ During 10-sec trains of high-frequency stimulation in 
either control solution, the amplitude of the AP, de- 
creased by about 2%. In the presence of lidocaine, the 
same 40 Hz train caused a further transient decrease 
in the amplitude of the AP. (B;) from the level of B.. 
Frequency-dependent block also varied with pH, being 
greater in BC-CO, solution at pH 6.4 than in HEPES 
solution at the same pH (Fig. 5). In BC-CO, solution 
at pH 8.0 (at low concentrations of CO3), Bẹ was the 
same as in HEPES solution at pH 8.0. In HEPES so- 
lution, Bs was greatest at pH 7.2 and decreased in 
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both acid and alkaline conditions. The presence of 
CO, then, appears to potentiate B; as well as B, from 
lidocaine. 


Discussion 


These studies permit a partial resolution of hy- 
potheses concerning the combined actions of CO,, 
lidocaine, and impulse activity on conduction block. 
The experiments involve at least three parallel actions: 
1) Carbon dioxide acts as a membrane permeant acid 
that will increase the proportion of lidocaine in cat- 
ionic form within the axon by acidifying the axoplasm 
(30,31). This action would “trap” the cationic form of 
lidocaine within the axon (11) and also might be ex- 
pected to enhance its potency if the cationic form is 
a more effective channel blocker than the neutral form 
(16,32-35). Carbon dioxide may also enhance the 
availability of anesthetic to sites of action within the 
membrane, e.g., by increasing the concentration of 
the protonated form within the membrane through 
bicarbonate salt formation (17). 2) There may be a 
direct action of CO:, either through acidifying the 
axoplasm, modulating axoplasmic free calcium (36), 
or through chemical combination with channel mol- 
ecules or channel modulating molecules, e.g., as a 
carbamate. Because CO, was found to increase 
threshold in the absence of lidocaine, this direct effect 
also likely increases blocking action under conditions 
where anesthetic is present. And, 3) the acidification 
of the extraaxonal bathing solution will increase the 
proportion of lidocaine in polar form outside the fiber. 
Because acidification of the solutions in the absence 
of CO, reduced the steady state potency of lidocaine, 
this action would be expected to reduce the degree 
of block. Figure 6 summarizes the findings concerning 
the net result of these (and possibly other) opposing 
processes. When pH is shifted with impermeant buff- 
ers (the upper left box in Fig. 6), the potency of lid- 
ocaine, as gauged either by measurements of excita- 
bility or of AP,, is greater in the alkaline range. Carbon 
dioxide acting without lidocaine present (upper right 
box in Fig. 6) raised threshold as the solution became 
acidic. Under conditions where CO, was added in the 
presence of lidocaine the two effects combined and, 
at least for the cases of marginal conduction block 
tested here, the net result at steady state was an in- 
creased tendency for conduction block. 


Action of Carbon Dioxide 


With no anesthetic present, we find that CO, in- 
creases the threshold of single fibers, but does not 


I, 
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Figure 6. Summary of effects of CO2 and 
lidocaine on nerve conduction. The u 
per left box indicates a direct relation- 
ship between pH and lidocaine potency 
as indicated by increased block of the 
AP. or increased threshold in single fi- 
bers. Lidocaine appears more potent at 
pH 8.0. The upper nght box indicates 
the direct effects of CO2. As CO, in- 
creases, threshold increases in single fi- 
bers and block of the AP. increases if the 
margin of safety for conduction has been 
compromised by adding lidocaine to the 
buffer solution. The lower box indicates 
the effects of CO2 and lidocaine to- 
gether. The apparent potency of lido- 
caine is greater at acid pH due in part 
to the direct effects of CO2, which raises 
threshold and enhances block of im- 
pulses (see text). 
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OR 
BLOCK 


reduce the AP.. The increase in threshold is consistent 
with early work on the AP., which established that 
the current strength required of a stimulus pulse to 
hold the (submaximal) AP, at a constant height was 
increased with increased Pco, for amphibian and 
mammalian nerve recorded in moist air chambers 
(1,4,3,18). A reversible increased threshold with CO, 
in single fibers was also found using isolated nodes 
of Ranvier from frog myelinated fibers (37) and un- 
myelinated crab axons (3). The degree of change in 
resting threshold of frog single A-fibers is substantial, 
with a steep dependence near pH 7.4. To produce an 
equivalent increase in threshold as seen here when 
sufficient CO, was added to BC-CO, at pH 8.0 to bring 
the pH to 7.0 (about 6% CO3), approximately 0.4 mmol 
lidocaine would need to be added to a BC-CO; so- 
lution maintained at a constant pH of 7.4. The increase 
in threshold produced by CO, may reasonably be ex- 
pected to deepen conduction block in conditions where 
conduction is already compromised. 

A blocking action of CO, alone was observed by 
Catchlove (11), who recorded the AP. on the far side 
of a 1 cm segment of frog sciatic nerve in Tris-buffered 
Ringers exposed to 50% CQ, in O; for 5 min. The 
partial block (~30-50%) occurred in desheathed prep- 
arations, not in nerves with an intact sheath. We ex- 
posed approximately the same length of desheathed 
nerve to BC-CO, solution equilibrated with 0.2-10% 
CO, and noted no drop in AP, height at steady state. 
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In desheathed frog nerves exposed to Ringer buffered 
with Tris and HCI to pH 5.5, Catchlove observed slight 
(~10%) blocking action in comparison to the same 
solution at pH 7.3. This may reflect the direct blocking 
action of HO* on sodium current (6,38,39), which 
would be significant at pH 5.5 and which might be 
sufficient to produce conduction block if the margin 
of conduction safety were reduced by desheathing. 
The observation that using NaOH or HCI to change 
pH, has little effect on threshold of single myelinated 
fibers is consistent with results on whole nerves 
(1,4,3,15,18,40) and isolated nodes (3,41). The actions 
of CO; on accommodation, on excitability, and on con- 
duction were not matched by equivalent pH changes 
under conditions where PCO, was unchanged. How 
CO, exerts its characteristic effects has not yet been 
established, although other authors have previously 
speculated on the role of internal pH (3,18,41). ` 
With local anesthetic present, acidification by HCl 
under conditions of constant low PCO, in HEPES so- 
lutions lowered the potency of lidocaine. This finding 
supports earlier studies at atmospheric CO, in nerves 
with intact sheath, showing increased blocking as pH > 
becomes more basic over the range of pH 6.5 to 8.0 
(40,42,43). Our results do not indicate that strongly 
alkaline solutions of pH 9 are associated with reduced 
potency (15). However, both our AP. and threshold 
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measures show clearly that lidocaine potency in HEPES 
solutions depends more steeply on pH under acid 
conditions below pH 7.2. 

The possibility has been raised that more rapid on- 
set of block under alkaline conditions, where the more 
permeant, lipid-soluble, neutral form of local anes- 
thetics predominates, could be misinterpreted as a 
greater steady state block (24,44). Because our expe- 
sure times were always at least 15 min and sometimes 
several hours, this possibility is not a probable factor 
in our experiments. Diffusional delays for action ef 
lidocaine placed outside an isolated frog fiber noce 
are less than 1 sec at pH 8.3 and block is complete 
within 5 sec at pH 6 (35). The distribution of lidocaine 
within desheathed frog sciatic nerve at neutral pH 
has been reported to be near steady state within 10 
min for both AP, height and concentration (45,10, 15) 
and in about 20 min for AP. of rabbit vagal nerves at 
room temperature (43,15). Based on measures of in- 
creased latency of single vagal A and C fibers, Fink 
and Cairns (46) concluded that steady state effects 
from lidocaine were reached in an average of 17 min 
with sheath intact and 13 min with sheath removed. 
For experiments in HEPES under acid conditions, more 
equilibration time was required than at neutral pH. 
However, because several hours were allowed for this 
equilibration, it seems likely that the present results 
reflect the steady state alterations in blocking actions 
of lidocaine produced by pH changes rather than al- 
tered dynamics. Once a stable raised threshold was 
attained at a particular pH for a given concentration 
of lidocaine, subsequent cycling between higher or 
lower Pco; produced only transient shifts in thresh- 
old. Threshold returned to the original level upon 
restoration of the original conditions. Similar findings 
have been made for CAP height while CO, was varied 
with fixed concentration of either lidocaine (11) or 
bupivacaine (23,24). These results show that the same 
level of block will obtain at equilibrium regardless of 
the Pco, profile during onset, which implies that PCO: 
may be used to affect the rate of block without per- 
turbing the ultimate degree of block expected for a 
particular constant PcO2. Furthermore, transiently in- 
creasing the degree of local anesthetic action by in- 
creasing CO, appears to be rapidly and completely 
reversible. 


Carbon Dioxide and Anesthetic Potency 

For a variety of both amphiphilic and neutral anes- 
thetics, CO, increases the degree of block whether 
the pH is held constant (18,11,23,24,44) or allowed to 
vary (1983). These experiments indicate that the ap- 
parent potency of lidocaine for conduction block in 
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solutions with organic buffers such as HEPES differs 
from its apparent potency in solutions buffered with 
bicarbonate. Laboratory investigations on the mech- 
anism of action of local anesthetics have used mem- 
brane-impermeant buffers such as HEPES, Tris, MES, 
or MOPS (16,32,42,47) to determine whether it is the 
cation or the uncharged amine that is the active form 
of the local anesthetic molecule, one that combines 
with a receptor in the nerve membrane to produce 
conduction block. Such experiments do not account 
for the independent action of CO, and may not cor- 
relate with physiologic conditions in vivo where CO> 
tension is an important factor in regulation of the pH 
of body fluids and cytoplasm. In our experiments, we 
demonstrate that lidocaine appears to be several times 
more potent at pH 6.4 in BC-CO, solutions than at 
the same pH in HEPES solutions, as determined by 
measurement of threshold, B, and B;. In previous wor k 
CO, increased by about tenfold the blocking action of 
procaine at pH 7.4 for nerves with sheath intact (18). 

The mechanism of the action of CO, on axon mem- 
branes is not clear. Whether CO, acts in the molecular 
form or through lowering pH; (30) cannot be decided 
from these experiments because pH, was not mea- 
sured. We can conclude, however, that the action of 
CO, in potentiating block is not caused directly by 
changes in pH, because the pH changes with HCI 
and NaOH i in HEPES buffer had such different effects 
on threshold, B, and B; from those with CO; in BC- 
CO, buffer. These in vitro experiments suggest that 
respiratory acidosis encountered in the clinical situ- 
ation produces a depressant effect that adds to lido- 
caine conduction block and that may contribute to the 
toxic reactions observed. It is known that toxic effects 
are provoked to a greater extent by respiratory aci- 
dosis than by metabolic acidosis (48). 
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Paresthesias and Motor Dysfunction after Labor and Delivery 


B. Y. Ong, MD, FRCPC, M. M. Cohen, MSc, MD, MHSc, FRCPC, A. Esmail, MD, 
M. Cumming, RN, BSC, R. Kozody, MD, FRCPC, and R. J. Palahniuk, MD, FRCPC 


ONG BY, COHEN MM, ESMAIL A, CUMMING M, 
KOZODY R, PALAHNIUK RJ. Paresthesias and motor 
dysfunction after labor and delivery. Anesth Analg 
1987;66:18—22. 


The incidence of paresthesias and motor dysfunction asso- 
ciated with 23,827 deliveries at Winntpeg Women’s Hos- 
pital during a 9-yr period (1975-1983) was 18.9/10,000 
deliveries. All the symptoms resolved within 72 hr after 
supportive therapy only. The frequency of paresthestas and 


A major concern for the obstetric patient and her anes- 
thesiologist in choosing regional anesthesia for an- 
algesia during labor is the risk of neurologic deficit 
after delivery. Obstetric patients may develop par- 
esthesias and motor dysfunction in the postpartum 
period in association with a number of factors, in- 
cluding prolonged blockade by a local anesthetic (1,2), 
nerve entrapment (3,4), prolapsed intervertebral! disc 
(5), trauma of delivery (6-9), malpositioning during 
delivery (10,11), epidural anesthesia (12-17), adhesive 
arachnoiditis (18,19), etc. Most of the literature related 
to these problems consists of case reports and series 
devoted to one possible etiologic factor. The estimated 
incidence of motor or sensory dysfunction in a lower 
extremity after labor and delivery ranged from 1:2600 
in the older obstetric literature (8) to nil in more recent 
reports (20-22). However, there are no data that would 
be applicable to a general obstetric population. There- 
fore, we reviewed the records of obstetric patients 
who delivered at the Winnipeg Women’s Hospital 
during a 9-yr period (1975-1983) to determine the in- 
cidence and nature of postpartum paresthesias and 
motor dysfunction. 
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motor dysfunction was greater in primiparas, women who 
had forceps- or vacuum-assisted deltveries, and women who 
had epidural or general anesthesia. Significant neurologic 
deficits after labor and delivery with or without epidural 
anesthesia were rare. Epidural anesthesia is a safe technique 
in this regard. 


Key Words: ANESTHESIA—obstetric. ANES- 
THETIC TECHNIQUES—epidural. PREGNANCY— 
complications. 


Method 


An Obstetric Anesthesia Followup Program was in 
operation at the Women’s Hospital in Winnipeg dur- 
ing the period from 1975 to 1983. This hospital is one 
of two major referral hospitals for a population of 
about 1.5 million people and also functions as a com- 
munity hospital for women in the adjacent neigh- 
borhoods. The Department of Anesthesia provides 
24-hr coverage with an anesthesiologist on duty in 
the hospital at all times. A specially trained anesthesia 
nurse reviewed each obstetric patient’s chart and in- 
terviewed all patients who received an anesthetic to 
identify complications possibly associated with anes- 
thesia. The definition of the complications sought did 
not vary over the study period. The chart review in- 
cluded the antepartum record, labor and delivery rec- 
ords, and the anesthesia record. Specific conditions 
complicating the pregnancy or delivery were also 
identified. To validate the database, it was computer- 
linked to records from Manitoba's universal health 
insurance plan. There was excellent agreement be- 
tween the two data files. 

From the database, all obstetric patients with par- 
esthesias, neurologic deficits, or motor deficits in the 
postpartum period were identified. The hospital charts 
for these patients were then manually reviewed to 
determine the specific symptoms. Because the data- 
base is based on the number of infants rather than 
the number of women who gave birth, the results are 
expressed as the percentage of babies delivered or as 
complications per 10,000 deliveries. The data were 
analyzed by x analysis to determine statistical sig- 
nificance. 
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Table 1. Analgesia and Anesthesia Provided for Vaginal 
Delivery and Cesarean Section 





Type of a nalgesia Number of Percent of total 





and anesthesia deliveries deliveries 
None 8198 34.4 
Inhalational analgesia 4766 20.0 
Epidural anesthesia 9403 393 
General anesthesia 864 3.6 
Other 381 1.6 
Not coded 215 0.9% 
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Table 2. Incidence of Paresthesia and Motor Dysfunction 
among Patients with Different Characteristics 


Patient Incidence of symptoms 
characteristics (per 10,000 deliveries) F 
Multiparas his? — 
Primiparas et.9 <Q.02" 
Spontaneous vaginal 1130 — 
deliveries 
Forceps/vacuum 28.9 <0.03" 


assisted deliveries 


Ae Ae er a aaa LL HALL AANA teint rfrchhivher ere e SELF 


“Compared to multiparas. 
“Compared to spontaneous vaginal deliveries. 


Results 


From 1975 to 1983, 33,698 deliveries occurred at the 
Winnipeg Women’s Hospital. Of these, 23,827 (70.7%) 
charts were reviewed and 15,414 (45.7%) patients were 
interviewed by the follow-up nurse. Those not in- 
cluded were patients who delivered while the nurse 
was on holiday or whose data were removed because 
of coding or transcription errors. 

Of the 23,827 deliveries in our review, 12,725 (53.4%) 
were spontaneous vaginal deliveries, 6651 (27.9%) were 
forceps- or vacuum-assisted deliveries, and 4451 
(18.6%) were cesarean sections. The analgesia or 
anesthesia provided for these deliveries is listed in 
Table 1. 

From the 23,827 records, 45 cases of neurologic 
deficits were identified, an incidence of 18.9/10,000 
deliveries. The incidence was significantly greater in 
primiparas than in multiparas (P < 0.02), and was 
significantly greater in parturients who had forceps- 
or vacuum-assisted deliveries than in those who had 
spontaneous vaginal deliveries (P < 0.03) (Table 2). 
Parturients who had epidural or general anesthesia 
also had a higher incidence of neurologic deficits than 
parturients who had no anesthesia or who had only 
inhalational analgesia (P < 0.001) (Table 3). There was 
no difference in incidence between parturients who 
had diabetes mellitus and those who did not. 
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Table 3. Incidence of Paresthesia and Motor Dysfunction 
after Different Analgesia and 
Anesthesia Techniques 





Analgesia and 





anesthesia Incidence of symptoms 
technique (per 10,000 deliveries) P 
None 2.4 — 
inhalational 6.3 ns” 
amalgesia only 
Epidural anesthesia 36.2 <0.001* 
General anesthesia 34.7 <0. 001" 


Abbreviation: ns, not significant. 
“Compared to no analgesia or anesthesia. 


Tabe 4. Previously Reported Etiologies of Postpartum 
Paresthesia and Motor Dysfunction 
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Etiology reported References 
Adhesive arachnoiditis 18,19 
Epidural anesthesia 12,14 
Epidural vascular malformation 20:26 
Epidural hematoma 31 
Ihopsoas muscle strain 29 
Malpositioning during delivery 10,11 
Nerve entrapments 34 
Preservative in epidural solution 32 
Prolepsed intervertebral disc > 
Prolenged blockade by local anesthetic 12 
Relapsing idiopathic polyneuritis 28 
Spiral cord tumor 24 
Trauma of delivery 6,7,8,9 
Unrelated to anesthesia or delivery 30 





-he intensive review of the obstetric and anesthesia 
records of these 45 patients showed that paresthesias 
or raotor deficits were documented in only ten of the 
patients’ charts. As the anesthesia follow-up nurse 
was not a member of the regular hospital staff, she 
did not record her findings on the patients’ caarts. 

All the deficits documented in the charts were tem- 
porary, with full recovery in less than 72 hr in all 
cases. A review of all the charts did not show any 
evidence of residual neurologic deficit at discharge in 
any patient. 





Discussion 


Paresthesias and motor dysfunction in the postpar- 
tum: period have been associated with a variety of 
facters (Table 4). The listing is not intendec to be 
exhaustive but to indicate the large number of pos- 
sible etiologies that must be considered in the differ- 
ential diagnosis of postpartum neurologic symptoms. 

The 34 deficits among the 9403 deliveries per- 
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Table 5. Incidence of Paresthesia after Epidural 
Anesthesia in Previous Reports 


Number Incidence 

Source of cases per 10,000 
Crawford (13) 2035 14.7 
Eisen et al. (17) 9532 16.8 
Abouleish (14) 1417 42.3 
Lund (16) 10,000 5.0 
Bonica et al. (15) 3637 24.7 


formed with epidural anesthesia, for an incidence of 
36.2/10,000 deliveries, is slightly higher than some 
previous reports (Table 5). However, only nine of the 
34 cases were documented in the chart. If we used 
the figure of nine to calculate the incidence, the rate 
would be 9.6/10,000, which is quite similar to the in- 
cidence rates reported in retrospective series (13,15-17). 
Abouleish (14) reported a slightly higher incidence of 
6/1417 or 42.3/10,000, which is similar to our follow- 
up data. Two of the patients in Abouleish’s series 
complained only of tingling sensatioris in a lower limb 
without any objective neurologic findings; these would 
not likely be identified except in a prospective study 
specifically looking for such symptoms. 

Most of the deficits that were identified were tran- 
sient numbness or tingling sensory disturbances. Many 
of these changes occurred in the lateral aspects of the 
thighs or the dorsal surfaces of the feet and might be 
explained by compression of the lateral femoral cu- 
taneous nerve or the peroneal nerve. Such peripheral 
nerve complications are mainly the result of inappro- 
priate positioning in the lithotomy position. The an- 
esthetics provided may have contributed by suppress- 
ing the discomforts produced by nerve compression 
or by decreasing the normal muscle tone and allowing 
excessive stretching of the nerves. 

One of the patients in our series developed a foot 
drop after a difficult Kjelland’s forceps rotation under 
epidural anesthesia. Another patient, who had pud- 
endal nerve infiltration during the second stage of 
labor, had bladder dysfunction in the postpartum pe- 
riod. 

The incidence of motor dysfunction is 0.8/10,000 in 
our series. The incidences of motor deficits in pre- 
vious reports of epidural administrations are listed in 
Table 6. Although Abouleish (14) and Dawkins (12) 
have reported higher incidences, the other six reports 
showed incidences as low as ours. In contrast, the 
incidence of lower limb paralysis has been reported 
to be 1:2600 (6,8) to 1:6400 (7) in the older obstetric 
literature. The obstetric reports usually involve pro- 
longed labor and forceps delivery. The difference be- 
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Table 6. Incidence of Motor Deficit after Epidural 
Administration in Previous Reports 


Number Incidence per 
Source of cases 10,000 
Dawkins (12) 32,718 transient, 14.7; 
permanent, 2.1 

Crawford (13) 2035 0 
Abouleish (14) 1417 14.1 
Bonica et al. (15) 3637 2.7 
Lund (16) 10,000 1 
Hellman (20) 26,127 0 
Moore et al. (21) 6729 0 
Bleyaert (22) 3000 0 


tween older reports and more recent data may there- 
fore be explained by the changes in obstetric 
management of difficult deliveries. 

That the incidence of symptoms among parturients 
who had epidural anesthesia was similar to that in 
patients who had general anesthesia is interesting. 
There is no previous estimate of the prevalence of 
neurologic deficit after labor and delivery associated 
with general anesthesia. Schreiner et al. (23) sug- 
gested that the prevalence of paralysis associated with, 
but unrelated ‘to anesthesia, was about 1:6000 in sur- 
gical patients based on cases that came to their atten- 
tion in a referral hospital. A more diligent search would 
probably have identified other patients with less se- 
vere symptoms. 

The greater incidence of symptoms among primi- 
paras and those who had instrument-assisted deliv- 
eries is consistent with previous reports. In the ob- 
stetric series, postpartum motor dysfunction usually 
occurs in nulliparas after forceps-assisted deliveries. 
In Abouleish’s series (14), five of the six (83.3%) pa- 
tients who developed neurologic symptoms.in the 
postpartum period had forceps-assisted deliveries and 
two of the five had muscle paresis. 

Parturients who received epidural or general anes- 
thesia are more likely to be patients who have longer 
and more difficult labors, have forceps- or vacuum- 
assisted deliveries, or otherwise are at higher risk to 
develop paresthesias. A direct relationship between 
postpartum neurologic deficits and epidural anes- 
thesia would be difficult to prove and is, in fact, highly 
unlikely in our opinion. 

Two of the patients in our series who developed 
postpartum symptoms had a history of back pain sig- 
nificant enough to be noted in the chart. In one of 
these cases, the attending anesthesiologist diagnosed 
the cause of the postpartum neurologic deficit as pro- 
longed blockade by local anesthetic solution (0.375% 
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bupivacaine). No exacerbation of back pain was noted 
in either case. Diabetic women did not have a higher 
incidence of neurologic complications than nondi- 
abetic women. Either preexisting diseases have no 
significant effect on development of postpartum neu- 
rologic complication or the selective exclusion of pa- 
tients at high risk may explain the paucity of patients 
with preexisting diseases who developed postpartum 
neurologic complications. 

Most of the patients in our series received lidocaine 
hydrochloride, lidocaine carbonate, or bupivacaine for 
epidural analgesia. Because many patients received 
two of these agents, no association with any particular 
local anesthetic could be determined. 2- -Chloropro- 

caine was used infrequently and there were insuffi- 
cient cases to comment on its possible relation to post- 
partum neurologic deficits. 

A discouraging finding of this study is that many 
of the neurologic deficits identified by the follow-up 
nurse were not properly documented in the patients’ 
charts. The possible explanations for this finding in- 
clude the short duration and minor nature of most of 
the neurologic deficits, early discharge of the patients, 
and failure of the attending staff to recognize minor 
nerve injuries. Nine of the ten cases that were doc- 
umented in the chart had an epidural anesthetic and 
these patients may have been observed more closely 
for paresthesia or motor dysfunction in the postpar- 
tum period by the medical and nursing staffs. 

The follow-up system with a trained nurse can 
identify most of the major neurologic deficits in the 
postpartum period. Although the nurse did not in- 
terview all patients who delivered, she reviewed the 
charts of the other patients and she was in close com- 
munication with the ward nurses who looked after 
the patients directly. Some cases of deficit would have 
been missed if they developed after discharge from 
hospital. For example, one patient who had an in- 
advertent dural puncture during insertion of an epi- 
dural catheter developed transient sixth cranial nerve 
palsy after discharge. On the other hand, a patient 
with minor psychogenic symptoms could be included 
in the database and would result in a false positive 
occurrence. To minimize these errors, close cooper- 
ation and appropriate input from the attending phy- 
sicians is required. 

In summary, the incidence of paresthesias and mo- 
tor dysfunctions after delivery of an infant was 
18.9/10,000. All the symptoms were of brief duration, 
with full recovery after supportive therapy only. These 
results support the clinical impression that significant 
neurologic deficits after labor and delivery with or 
without regional anesthesia are rare, and that epi- 
dural anesthesia is a safe technique in this regard. 
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Negative Inotropic Effects of Halothane, Enflurane, and Isoflurane 
in Papillary Muscles from Diabetic Rats 


Yuichi Hattori, MD, Mitsue Azuma, MPhar, Yasuyuki Gotoh, MD, and Morio Kanno, MD 





HATTORI Y, AZUMA M, GOTOH Y, KANNO M. 
Negative inotropic effects of halothane, enflurane, and 
isoflurane in papillary muscles from diabetic rats. 
1987;66:23--8. 


Myocardial contractile responses to halothane, enflurane, 
and isoflurane were studied in papillary muscles isolated 
from streptozotocin-induced diabetic rats and in those from 
age-matched control rats. The developed tension in diabetic 
papillary muscles electricaily paced at a constant rate was 
not different from that in control muscles, but both the time 
to peak tension and the relaxation time of the isometric 
contraction were significantly prolonged in diabetic muscles. 
Halothane, enflurane, and isoflurane all produced negative 
inotropic effects in both diabetic and control muscles. How- 


ever, the negative inotropic effects were significantly less in 
the muscles from diabetic rats than in the muscles from 
control rats throughout the range of concentrations. In mus- 
cles from both the diabetic and control rats, the negative 
inctropic effects of these anesthetics were accompaniea by 
decreases in the time to peak tension and in relaxation tune. 
The results suggest that the myocardium from the diabetic 
ratis less sensitive to the negative inotropic action of volatile 
anesthetics than is the myocardium of nermal hearts. 


Key Words: ANESTHETICS, voLatrite—halothane, 
enflurane, isoflurane. HEART—contractility. COM- 
PLiCATIONS—diabetes mellitus. METABOLISM— 
diabetes mellitus. 





Cardiovascular disease is a major cause of mortality 
in human diabetes mellitus (1). Although atheroscle- 
rosis of the coronary arteries may be responsible for 
a percentage of this mortality, there is also evidence 
of a specific diabetic cardiomyopathy independent of 
coronary artery disease and hypertension (2-4). 

Cardiac dysfunction in diabetes has been evaluated 
in experimental animals in which diabetes was in- 
duced by chemical agents such as alloxan or strep- 
tozotocin that selectively destroy the 6 cells of the 
pancreas (5). Regan et al. (6) have shown abnormal- 
ities of left ventricular diastolic compliance in the di- 
abetic dog. In addition, in vitro studies using isolated 
perfused hearts (7) and papillary muscles (8,9) ob- 
tained from rats with chemically induced diabetes have 
demonstrated that abnormalities in cardiac contractile 
function are associated with a marked retardation in 
relaxation. 

Halothane is known to depress cardiac contractility 
not only in clinical situations and in animal in situ 
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hearts (10-12), but also in isolated heart muscle prep- 
arations (13-15). A similar negative inotropic effect is 
also induced by enflurane (16) and isoflurane (17). 
Previous studies have reported that pathologic states 
such as myocardial ischemia (18,19) and congestive 
heart failure (16,17,20) alter the negative inotropic re- 
sponses to volatile anesthetics. Thus it would be of 
interest to examine the negative inotropic effects of 
volatile anesthetics on diabetic cardiac muscles in which 
contractile functions might be impaired. 

‘The present study was undertaken to evaluate the 
inotropic responses to halothane, enflurane, and iso- 
flurane in papillary muscles isolated from streptozot- 
ocin-induced diabetic rats, and to compare these re- 
sponses with those from age-matched control rats. 


Methods 


Male Wistar rats, 160-210 g, were made diabetic at 8 
weeks with a single tail-vein injection of streptozot- 
ocin (50 mg/kg). The streptozotocin was dissolved in 
a citrate buffer solution (0.1 M citric acid and 0.2 M 
sodium phosphate, pH 4.5). Control rats were in- 
jected with the citrate buffer solution alone. All rats 

ere provided with food and water ad libitum until 
they were killed. Eight weeks after the streptozotocin 
imection, the diabetic state was assessed by mea- 
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Control 


manpara pamen. 


Body weight (g) 282 + 6 (30) 
Heart weight (mg) 720 + 14 (27) 
Plasma glucose (mg/dl) 169 + 6 (23) 








Results are expressed as mean $ 
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Body Weight, Heart Weight, and Plasma Glucose Levels in Control and Diabetic Rats 
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Diabetic P 
154 + 5 (30) <0.001 
477 + 15 (27) <0.001 
740 + 24 (23) <0.001 
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sem, Number of animals is given in parentheses. Statistical significance was determined by Student's f-test for unpaired 











data, 
Table 2. Mechanical Parameters of Isometric Contractions in Control and Diabetic Rat Papillary Muscles Electrically 
Paced at 0.5 Hz 

Control Diabetic P 
Peak developed tension (mg) 324 + 29 314 £ 23 0.5 
Time to peak tension (msec) 104 = 2 [24-52 <(},001 
Time to ’ relaxation (msec) 67 + | 91 + 2 <0.001 
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Results are expressed as mean t SEM of 30 preparations. Statistical significance was determined by Student's t-test for unpaired data. 


surement of plasma glucose (obtained during ether 
anesthesia) using the glucose oxidase method. Only 
animals with plasma glucose concentrations exceed- 
ing 500 mg/dl were considered to be diabetic and used 
for the experiments. 

Animals were killed by a blow on the head 8 weeks 
after the injection of streptozotocin. The hearts were 
quickly removed and placed ina dissection bath filled 
with Krebs-Henseleit solution at room temperature. 
The papillary muscle was carefully dissected from the 
left ventricle and then mounted vertically in a water- 
jacketed bath containing 10 ml of Krebs-Henseleit so- 
lution with the following composition (mM): NaCl 
119, CaCl, 2.5, KCI 4.8, MgSO, 1.2, KH»PO, 1.2, 
NaHCO; 24.9, and glucose 10.0. The solution in the 
bath was aerated with 95% O, and 5% CO, and kept 
at a constant temperature of 30 + 1°C. The muscle 
was stimulated by square pulses of 0.5 Hz in fre- 
quency, 5 msec in duration, and double threshold 
voltage. The pulses were delivered by a pair of spiral 
platinum electrodes connected to an electronic stim- 
ulator (Sanei-Sokki 3F46) through an isolation unit 
(Sanei-Sokki 5361). Isometric tension, under a resting 
tension of 0.5-1 g, was recorded with a force trans- 
ducer (Nihon Kohden TB-612T) and displayed on a 
pen recorder (Nihon Kohden RJG-3026) through a 
preamplifier (Nihon Kohden RP-5). 

After a 60-90 min period of equilibration at a stim- 
ulation rate of 0.5 Hz, the isometric contractile pa- 
rameters of the preparations, including the peak de- 
veloped tension, time to peak tension, and time to 
half relaxation, were recorded. Then the effects of 
halothane, (Takeda, Osaka, Japan), enflurane (Abbot, 
Chicago, Illinois), and isoflurane (Ohio, Madison, 
Wisconsin) were studied. The anesthetics were intro- 
duced into the oxygen—carbon dioxide mixture through 


appropriate vaporizers. The Fluotec Mark 3 (Cyprane 
Keighley), Enflurane Vaporizer E3 (Kimura), and Iso- 
flurane Vaporizer 19.1 (Dragerwerk) were used for 
halothane, enflurane, and isoflurane, respectively. The 
concentrations of the anesthetics in the bath medium 
were determined by gas chromatography (Shimadsu 
Gas Chromatograph GC-4A PTF). Concentration- 
response curves for the inotropic effects of the anes- 
thetics were obtained in a cumulative manner by 
the stepwise addition of the anesthetics in the gas 
mixture. When the response to a given concentration 
reached a maximum, determinations of the above pa- 
rameters of the isometric contractions were repeated 
and the next concentration was then administered. 

All data are presented as mean values + SEM. The 
statistical significance of the differences between con- 
trol and diabetic groups was evaluated with Student's 
t-test for unpaired values. When the negative ino- 
tropic responses to the anesthetics were compared 
between groups, analysis of covariance was used and 
significance was determined by comparison of regres- 
sion lines (21). A P value less than 0.05 was considered 
significant for all statistical tests. 


Results 


Body weight, heart weight, and glucose plasma level 
of streptozotocin-induced diabetic rats that were used 
in the present study are shown in Table 1 along with 
values for age-matched control. All diabetic rats were 
severely hyperglycemic (range 521-1080 mg/dl). Body 
and heart weights were significantly less in diabetic 
rats. 

As shown in Table 2, there was no difference in 
the tension development between control and dia- 
betic papillary muscles when the preparations were 
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electrically paced at 0.5 Hz. However, significant dif- 
ferences were observed in the time course of tension 
development and waning of individual isometric con- 
tractions. Thus the time to peak tension and the time 
for peak-developed tension to decrease to 50% of peak 
tension (time to '/2 relaxation) were significantly pro- 
longed in diabetic muscles (Table 2). 

Halothane, enflurane, and isoflurane all produced 
concentration-dependent negative inotropic effects in 
control papillary muscles as well as in diabetic ones 
(Fig. 1). However, the negative inotropic effects of the 
anesthetics were less in diabetic muscles throughout 
the range of concentrations used in the present study 
(Fig. 1). Comparison among the volatile anesthetics 
of the threshold concentration required to produce a 
depressant effect on contractile force and the concen- 
tration to produce the 50% decrease in developed ten- 
sion indicated that halothane was the most potent of 
the three anesthetics in producing the negative ino- 
tropic effect, enflurane the least potent, and isoflur- 
ane between halothane and enflurane in both control 
and diabetic papillary muscles. However, diabetic 
papillary muscles were less sensitive to the negative 
inotropic effects of the anesthetics than control ones. 
The concentration of halothane that caused a 50% 
decrease in developed tension (ICs) was 4.1 0.3 
mg/dl in control muscles and 5.6 + 0.3 mg/dl in di- 
abetic ones, respectively. This difference in ICs) be- 
tween diabetic muscles and control ones was statis- 
tically significant (P < 0.01). Similarly, the ICs of 
enflurane and isoflurane significantly increased from 

22.4 + 1.4 and 13.3 + 1.1 mg/dl in control to 26.6 + 
1.3 (P < 0.05) and 19.7 + 2.3 mg/dl (P < 0.05) in 
diabetic preparations, respectively. Furthermore, 
comparisons of regression lines (21) showed that de- 
creases in developed tension caused by halothane, 
enflurane, and isoflurane in diabetic muscles were 
statistically significantly less than in control muscles 
(Fig. 2). With each anesthetic, the steepness of the 
regression line was similar in control and in diabetic 
muscles, indicating that the developed tension was 
decreased by a similar extent with a unit increase in 
anesthetic concentrations in both groups (Fig. 2). 
However, there was a difference in steepness of the 
regression line among the anesthetics. Halothane 
produced the steepest decline in developed tension 
with increasing concentrations. Isoflurane and en- 
flurane followed halothane in that order. 

At the concentrations in which the anesthetics de- 
creased developed tension by approximately 50%, 
halothane, enflurane and isoflurane significantly ab- 
breviated the time to peak tension and the relaxation 
time of isometric contractions in both control and di- 
abetic papillary muscles (Table 3). 


ANESTH ANALG 25 
1987 :66:238 


A. Halothane 


œŒ 
O 
4 


i 
kae l ew" a peee 
as | Control ee wa ati 
v ee =i ate aot Re + 
a) ont i 
9 j + i 7 5 
2» : m we ce “ s 
= ; wo y Tr 
Ye ail s 
z a a R Diabetic 
a : Hm Te 
ad ! a 
£ L i ¢ 
2 ay _3 f Pea 
o a 
S ye 
U o e 
A GN ee es EA S PARANE EEE AAI EEEE EENE ARE SETAE EE E 
(&} i 2 5 iO 
Halothane Concentration ( mg/dl ) 
B. Enfiurane 
ie, 80 $ i wen se 
z x 
2 a fa 
S 60- PAE 
2 60 ge 
v Control eed ab = 
= ra! 
Lo] A pa a“ = oN 
2 ae j k a SA ? T 
£ PA Dinbetic 
So ve ow 
= zo - T oe $ io Pa 
o ny 
o $ 
@ H 
bn 
3 & > Fp agate in E E EEE. PECE E AEE EEOAE PEATE A BPESA STANE AAIE DEEE, SELPI ne! OF 
£ Q 5 IO 20 30 49 
Enflurane Concentration ( mg/di } 
C. Isoflurane 
80 - 
ae H 
w 
= 6o EE 
u Control pr a E BE e <o 
= : Tote no wb 
E : k ao ERP. 
o 40> ee - 
= ” re 
6 a 7 
O it ee a 
€ 20- g w ý Diabetic 
a H ae S. 
kA : z a 
o 2 
o oe aia 
: 3 Q a ERR A PN PEEP RE E aad oh stale ENP E TEREE LEINE A AOE AEEA N D EELA ERA E E lis cdg cha St a 
9 2 5 iO 1S 20 


isoflurane Concentration ( mg/di ) 


Figure 1. The concentration-response curves for the negative ino- 
tropic effects of halothane (A), enflurane (B) and isoflurane (C) in 
rat papillary muscles from diabetic and control rats. The prepara- 
tions were constantly stimulated at a frequency of 0.5 Hz. Values 
are expressed as mean + SEM. Ten preparations were used in each 
case, 


Discussion 


The aim of the present study was to investigate the 
effects of halothane, enflurane, and isoflurane on the 
contractile tension of papillary muscles obtainec from 
diabetic rats. In this study diabetes was chemically 
indueed with an injection of streptozotocin (5). The 
plasma glucose concentration of the streptozotocin- 
treated rats was nearly 4.5-fold higher than that of 
the age-matched control ones. Although such severe 
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Figure 2. Relationships between the negative inotropic effects and concentrations of halothane (A), enflurane (B) and isoflurane (C) in 
papillary muscles from diabetic and control rats. The data were described by regression analysis of data presented in Figure 1. Percentages 
of predrug developed tension are plotted against concentrations of the anesthetics. Note that for any of the anesthetics the slope value 
of the regression line describing the diabetic data is almost the same as the slope of the control regression line. When comparing the 
negative inotropic effects of the anesthetics between the two groups, analysis of covariance was used and significance was determined 
by comparison of regression lines (21). 


Table 3. Effects of Halothane, Enflurane, and Isoflurane on Time to Peak Tension and Relaxation Time in Control and 
Diabetic Papillary Muscles Electrically Paced at 0.5 Hz" 


Concentrations of 





anesthetics (mg/dl) Time to peak tension (msec) Time to 2 relaxation (msec) 

Control 

None 111 + 4 67 +2 

Halothane 4.0 + 0.2 97 + 3” 62 + 2* 
Diabetic 

None 127 +4 92 +2 

Halothane 5.9 + 0.3 108 + 3° 8l + 
Coritrol 

None , 100 + 3 68 + 1 

Enflurane 23.2 Æ 12 84 + 2 59 + % 
Diabetic 

None 126 + 3 93 +5 

Enflurane 27.0 + 1.0 105 + 3° 77 + 4° 
Control 

None 99 + 4 65 + 2 

Isoflurane 14.9 + 0.6 81 + 3° 55 + 2 
Diabetic 

None 118 + 2 88 + 3 

Isoflurane 17:9: 1.2 97 + % 73.2 2? 


NN eee 


Results are expressed as mean + SEM of ten preparations. 
_ In concentrations presented here, all anesthetics produced a decrease in developed tension by around 50% in each case. 
bP < 0.001 vs. the corresponding preanesthetics values. Statistical significance was determined by Student's t-test for paired data. 


diabetes resulted in lower body and heart weights in (8). Thus the use of the streptozotocin-diabetic rat has 
diabetic animals compared with age-matched con- been established as an appropriate experimental model 
trols, this malnutrition is known not to be a primary for studying vascular and cardiac dysfunctions in di- 
factor in the cardiovascular changes observed in abetes mellitus. 

chemically induced diabetic rats (8,22,23). In addition, The results of our present study showed that in 
streptozotocin has been shown not to be cardiotoxic the papillary muscle of diabetic rats the negative ino- 
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tropic effects of halothane, enflurane, and isoflurane 
are significantly less than in control rats. In fact, the 
concentrations of the anesthetics that caused a 50% 
decrease in developed tension were significantly greater 
in diabetic muscles than those in control ones. These 
findings suggest a decreased sensitivity of diabetic 
cardiac muscles to volatile anesthetics. Although for 
each volatile anesthetic the threshold concentration 
to produce the negative inotropic effect and the con- 
centration to produce the 50% decrease in developed 
tension shifted to higher concentrations in diabetic 
papillary muscles than in control muscles, the rela- 
tionship between the decrease in developed tension 
and the bath anesthetic concentrations showed that 
there was no significant difference in the slope of the 
regression lines between the control and diabetic pap- 
illary muscles. In cat papillary muscles volatile an- 
esthetics have been reported to shorten the time to 
peak tension and the relaxation time (16,17,20). These 
findings were confirmed in the present study of rat 
papillary muscles. Even in diabetic papillary muscles 
in which the time to peak tension and the relaxation 
time were significantly prolonged, the volatile anes- 
thetics produced similar shortening of these times. 
Thus, it seemed unlikely that the action of volatile 
anesthetics on the excitation—contraction coupling or 
the contractile machinery in diabetic papillary muscles 
was different from their action in nondiabetic control 
muscles. 

Although the precise mechanisms whereby volatile 
anesthetics produce a negative inotropic effect in nor- 
mal cardiac muscles have not been well elucidated, 
these anesthetics appear to reduce both the influx of 
extracellular Ca** and the amount of Ca?* in the in- 
tracellular stores, leading to a decrease in the calcium 
ions available for the activation of myocardial con- 
tractile machinery (24). Because several lines of evi- 
dence have suggested that diabetic myocardium has 
a propensity for developing intracellular Ca?" over- 
load (9,25), it could be inferred that the increased level 
of myoplasmic Ca? " in diabetic cardiac muscles might 
compensate for the anesthetic-induced reduction of 
the amount of calcium ions that participate in the 
contractile activation. Thus, the alterations in cellular 
Ca** dynamics in the diabetic myocardium could 
counteract the negative inotropic effect exerted by the 
anesthetics. As an alternative possibility, halothane 
has been reported to shorten the action potential du- 
ration (26) and to reduce the amplitude and the max- 
imum rate of the slow action potential (27) in cardiac 
muscles, indicating that it inhibits the influx of extra- 
cellular Ca**, perhaps through the voltage-depen- 
dent Ca** channel. Because the action potentials re- 
corded from the diabetic ventricular myocardium are 
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consistently and significantly longer than those of 
normal ventricular muscle (9,25), the increased action 
potential duration might partially counteract the in- 
hibition of Ca** influx induced by the anesthetics. 

In conclusion, the negative inotropic effects of halo- 
thane, enflurane, and isoflurane are attenuated in 
papillary muscles obtained from diabetic rats. Al- 
though the mechanisms underlying this decreased 
sensitivity remain obscure at present, it may be due 
to the result of alterations in the handling of my- 
oplasmic calcium in the diabetic myocardium. Whether 
these attenuated responses are reversed by insulin is 
a subject for future investigations. 
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The possibility that the negative inotropic effect of isoflurane 


is primarily due to a competitive inhibition of the influx of 
with little effect on the availability of 


extracellular Ca‘ * 
Ca°* stored intracellularly in the sarcoplasmic reticulum 
was examined in rabbit papillary muscle. The negative ino- 
tropic effect of isoflurane (1.4% ) on steady state contractions 
Peay A NA on eg EUR of extracel jag Co E) 


AES ( paol pei or Ca? ed. a He 
sarcoplasmic reticulum). In previous work from this labo- 
ratory we found that halothane has an opposite effect in this 
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regard, Increasing stimulation frequency in the presence of 
isoproterenol (0.1, 1 uM) completely reversed the negative 
inotwopic effect of isoflurane (1.4%) but not that of halothane 
(0.6%). These results suggest that isoflurane inhibits Ca `’ 
influx with little effect on the availability of activator Ce ' 
stored imn and released from the sarcoplasmic reticulum, end 
that the effect of isoflurane but not that of halothane can he 
effectreely counteracted by conditions that are known to 
increase Ca?’ influx in the absence of an anesthetic. These 
properties of isoflurane may in part account for the miniral 
myowardial depressant effect of the anesthetic on the intact 
heari in the presence of a functional autonomic system. 


Key Words: ANESTHETICS, vo-tatite—isoflurane, 
halothane. HEART-—contractility. 





The myocardial depressant effect of isoflurane ap- 
pears to be less than that of halothane in intact animal 
models (1), even though the negative inotropic effect 
of isoflurane is comparable to that of halothane in 
isolated myocardial preparations (2). A possible rea- 
son for this discrepancy is that the negative inotropic 
effect of isoflurane in the intact heart can be effectively 
reversed by sympathetic nervous activity. For this rea- 
son, we have examined the possibility that the neg- 
ative inotropic effect of isoflurane is primarily due to 
the inhibition of Ca?” influx across the sarcolemma 
with little effect on the availability of intracellularly 
stored Ca*‘ and that the mode of inhibition is such 
that it can be effectively counteracted by interventions 
that increase the Ca** influx. Activation of myocardial 
contractile activity is dependent on the influx of ex- 
tracellular Ca*’ and on the release of intracellularly 
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stored Ca?* (3), and the relative contribution of Ca?’ 
from these sources varies depending on stimulation 
conditions. For example, ryanodine (a specific inhib- 
itor of the release of Ca?’ intracellularly stored in the 
sarcoplasmic reticulum) (4) inhibits potentiated-state 
contractions with much less effect on steady state con- 
tractions at high stimulation frequencies (5). This in- 
dicates that the contribution of the intracellularly stored 
Ca?“ is more important in the potentiated-state con- 
Teron nan in ie steady state a CON: 
ese contractions jana Renee state con- 
tracuons should provide information concerning the 
relative effects of isoflurane on the availability of ex- 
tracellular and intracellular Ca*’. To test the possi- 
bility that isoflurane competitively inhibits the influx 
of extracellular Ca*", we have examined the effect of 
increased stimulation frequency in the presence of a 
high concentration of isoproterenol, a condition known 
to maximize Ca*' influx as well as the force of con- 
traction in the absence of an anesthetic. 


Mat 
Rabbits weighing about 2 kg were anesthetized by 
intravenous injection of pentobarbital (approximately 
45 mg/kg). The heart was excised and a papillary mus- 


orials and Methods 
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Table 1. Negative Inotropic Effect of Isoflurane, Ni?” 
and Ryanodine on the Steady State Contractions at a 
Stimulation Frequency of 2.0 Hz and in Potentiated-State 
Contractions Elicited after 2 sec of Rest after the Steady 
State at 2.0 Hz Stimulation 


nasuamannp 
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Percent inhibition 


Potentiated 





Steady 
Addition state state P value 
1.1% isoflurane (7 = 6) 29 + 3 26 Ł 2 ns 
1.4% isoflurane (n = 8) 40 + 3 36 + 3 <O.01 
2mM Ni? (n = 11) eee SD) 45 +5 <0] 
l aM ryanodine (7 = 8) 27 + 4 69 + ] <O.01 


Means * SEM are shown. The statistical significance of the difference 
between the inhibitory effects in the two contractile states was evaluated by 
paired /-test. 

Abbreviation: ns, not significant. 


cle was isolated from the right ventricle. The average 
cross-sectional area of the 41 muscles so obtained was 
0.75 + 0.17 mm? (sp). The muscle was mounted ver- 
tically in a tissue bath (45 ml) maintained at 30°C. The 
lower end of the muscle was tied to a fixed base and 
the upper end to a stainless steel wire attached to a 
Statham UC-2 force transducer mounted on a mi- 
crometer for the adjustment of resting tension. Iso- 
metric developed force was recorded on a Gilson po- 
lygraph. The cross-sectional areas of the muscles were 
obtained from measurements of muscle diameter by 
an ocular micrometer using a Unitron binocular mi- 
croscope. The resting tension was maintained at 1 g 
throughout the experiments. The stimuli (4 msec du- 
ration, 1.5 x threshold) were delivered through sil- 
ver-silver chloride field electrodes. A Laboratory 
Stimulator (American Electronic Laboratories, model 
104A) was used. The medium used was a modified 
Krebs-Henseleit bicarbonate (pH 7.4) of the following 
composition: NaCl, 115 mM; KCI, 5.9 mM; MgCl;, 1.2 
mM; NaH,PO,, 1.2 mM; Na.SO,, 1.2 mM; NaHCoO,, 
25 mM; CaCl, 2.5 mM; ethylenediamine tetraacetate 
(EDTA), 50 uM (for chelation of trace metals); and 
glucose, 5.6 mM. The medium was equilibrated with 
a gas mixture of 95% O, and 5% COs. Isoflurane and 
halothane were added to the above gas mixture using 
Drager vaporizers calibrated by gas chromatography. 
Concentrations of anesthetics used (isoflurane 1.4%, 
halothane 0.6%) were those that were determined by 
preliminary experiments to inhibit the force of con- 
traction to about 50% under the basal condition (low 
stimulation frequency, absence of isoproterenol). An- 
esthetic concentrations in the medium as determined 


by extraction (6) were 0.37 mM for isoflurane and 0.16 
mM for halothane. Potentiated state contractions were 


elicited by stimulating the muscle after 2 sec of rest 


after interruption of a train of steady state contractions 
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Figure 1. Negative inotropic effects of isoflurane and halothane at 
different stimulation frequencies. Means *SEM are shown. The 
effects of anesthetics at each stimulation frequency were compared 
ey seen t-test, 2 uae ie = oe &, +i, n isoflurane 
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at 2.0 Hz (7). In the first series of the experiments, 
effects of one or two drugs were tested with each 
muscle. When two different drugs were used, a 30 
min washout with the drug-free medium preceded 
the addition of the second drug. Because the effect of 
ryanodine is not readily reversed by washout, ryano- 
dine was never used as the first of the two drugs to 
be tested. In the second series of experiments, the 
effects of either isoflurane or halothane were studied 
after the control measurements, followed by the ef- 
fects of isoproterenol plus the anesthetic, and finally 
the effects of isoproterenol alone after removal of the 
anesthetic. Ten to thirty minutes were allowed for the 
stabilization of the force of contraction after each change 
in the composition of the medium before measure- 
ments were made, and the total duration of exposure 
of the muscle to each drug was 0.5-1 hr. After iso- 
lation the muscles were allowed to contract at a fre- 
quency of 0.1 Hz for a period of 2-3 hr in order to 
effect stabilization. After this the muscles remained 
stable for a period of 3—4 hr during which the exper- 
iments were performed. Data were analyzed statis- 
tically by Student's paired or unpaired t-test as in- 
dicated. P less than 0.05 was considered statistically 
significant. 
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Figure 2. (a,b). Effect of isoflurane and halothane at different stimulation frequencies in the presence of isoproterenol. Isoproterenol 
concentration: (a), 0.1 aM; and (b), 1 uM. Means + sem are shown. | 


0.05, *P < 0.01, compared with corresponding “no anesthetic’ value (unpaired t-test). (*), P < 0.05; C*), P < 0.01, when comparison 
was made with corresponding “no anesthetic’ value of the same muscle and evaluated by paired t-test {n = 6) but not significant when 


Results 


The inhibitory effect of isoflurane (1.4%) on poten- 
tiated-state contractions was significantly less (P < 
0.01, paired t-test) than that on the preceding, steady 
state contractions (Table 1). The difference was not 
significant with a lower concentration of isoflurane 
(1.1%). Table 1 also shows the effects of Ni?* and of 
ryanodine for comparison. Nickel ion is an inhibitor 
of the influx of extracellular Ca** through the slow 
channel (8), whereas ryanodine is a specific inhibitor 
of Ca** release from the sarcoplasmic reticulum (4). 
It should be noted that an inhibition of Ca?‘ influx 
most likely reduces the amount of Ca?’ stored intra- 
cellularly. For this reason, even if an agent is a rela- 
tively specific inhibitor of Ca?’ influx the difference 
in its effect on potentiated-state contractions as com- 
pared with that on steady state contractions is not as 
pronounced as that found with ryanodine, which in- 
hibits Ca** release from the sarcoplasmic reticulum 
but has no inhibitory effect on Ca?" influx (9). 

As can be seen in Figure 1, isoflurane and halo- 
thane significantly (P < 0.01) inhibited the force of 
contraction at all stimulation frequencies tested. At 
2.0 Hz, but not at lower frequencies, the inhibitory 
effect of isoflurane was significantly (P < 0.05) less 
than that of halothane (Fig. 1). A similar result was 
reported by Lynch (10) with 1.3% isoflurane and 0.75% 


halothane in guinea pig papillary muscles. The dif- 
ference between isoflurane and halothane was more 
pronounced when the two anesthetics were com- 
pared in the presence of two concentrations of iso- 
proterenol (Fig. 2). Although the effects of isoflurane 
and nalothane were indistinguishable at low stimu- 
latiom frequencies in the presence of 0.1 uM isopro- 
tererol, an increase in stimulation frequency or an 
increase in the concentration of isoproterenol to 1 uM 
markedly reduced the negative inotropic effect of iso- 
flurane but not that of halothane, as the latter per- 
sisted even in the presence of 1 uM isoproterenol. 
Stimulation of the muscles at high frequencies in the 
presence of isoproterenol often induced spontaneous 
contractile activity, precluding the determination of 
the ferce of contraction. This accounts for the fewer 
number of muscles in the data points at high stimu- 
lation frequencies in the presence of isoproterenol. 


Discussion 


The finding that isoflurane inhibition of potentiated- 
state contractions was significantly less than that of 
steady-state contractions strongly suggests that iso- 
flurane’s effect on the availability of Ca2* stored in 
and released from the sarcoplasmic reticulum is not 
primerily responsible for the negative inotropic effect 
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of the anesthetic. In this regard, isoflurane resembles 
Ni?* (an inhibitor of Ca?* influx) (8) and is different 
from ryanodine (a specific inhibitor of Ca** release 
from the sarcoplasmic reticulum) (4). In addition to 
the nickel ion (11,12), other ions and compounds that 
reduce the influx of extracellular Ca?*, such as Co?* 
(11), D600 (13), and the lowering of the extracellular 
Ca?** concentration (14), are also known to have less 
effect on potentiated-state contractions than on steady 
state contractions. Earlier we found that the negative 
inotropic effect of halothane on potentiated-state con- 
tractions was significantly greater than that on steady 
state contractions (7). Thus it appears very likely that 
the effect of isoflurane on the function of the sarco- 
plasmic reticulum is less than that of halothane. Our 
results are consistent with those of Su et al. (15,16), 
who found isoflurane to have less inhibitory effect 
than halothane on a caffeine-induced tension tran- 
sient considered to be due to Ca** stored in and re- 
leased from the sarcoplasmic reticulum. In contrast, 
Lynch (10) has suggested that isoflurane’s effect on 
Ca** influx contributes little to the negative inotropic 
effect of the anesthetic, based in part on his finding 
that isoflurane has a pronounced effect on the late 
peak of biphasic rested-state contractions that Reiter 
et al. (17) proposed are activated by Ca** released 
internally from the sarcoplasmic reticulum. It is im- 
portant to note that typical inhibitors of the function 
of sarcoplasmic reticulum such as caffeine, theoph- 
ylline, and ryanodine inhibit the force of contraction 
of the early but not the late peaks of biphasic con- 
tractions generated under a variety of conditions with 
various myocardial preparations (18-21). In fact, the 
force of contraction of the late peak is inhibited by 
inhibitors of Ca** influx such as nifedipine (17), ve- 
rapamil (18), and Mn?* (21), indicating that extracel- 
lularly derived Ca** is involved. 

The observed mode of reversal of the negative ino- 
tropic effect of isoflurane by isoproterenol further sug- 
gests that isoflurane competitively inhibits Ca** in- 
flux. In contrast, we have shown that the negative 
inotropic effect of halothane persists even in the pres- 
ence of a high concentration of isoproterenol. Note 
that Iwatsuki and Iwatsuki found that increasing stim- 
ulation frequency (22), addition of dibutyryl cAMP 
(23), and increasing extracellular Ca?* concentration 
(24) were not as effective in reversing the negative 
inotropic effect of halothane as they were in reversing 
the effect of thiamylal. Our results with halothane are 
in agreement with those of Iwatsuki and Iwatsuki 
(22-24). In contrast, Price (25) reported that halo- 
thane’s effect is competitive with extracellular Ca’*. 
Although we cannot explain the difference between 
our results and those of Price, it remains that the effect 


KOMAI AND RUSY 


of halothane persisted even in the presence of the 
highest concentration of Ca** used by Price (25). Al- 
though isoproterenol may enhance the ability of the 
sarcoplasmic reticulum to accumulate Ca?* (26), the 
observed ability of the combination of isoproterenol 
and an increased stimulation frequency to overcome 
the negative inotropic effect of isoflurane is difficult 
to explain in terms of the effects on Ca** content of 
the sarcoplasmic reticulum, because Ca** stored in 
and released from the sarcoplasmic reticulum plays 
only a minor role in contractions at high stimulation 
frequencies (5). 

In conclusion, the results of the present study 
strongly suggest the following: 1) that isoflurane and 
halothane inhibit the influx of extracellular Ca** and 
that the effect of isoflurane but not that of halothane 
can be effectively counteracted by conditions that are 
known to increase Ca** influx in the absence of an 
anesthetic, and 2) the effect of isoflurane to inhibit 
the function of the sarcoplasmic reticulum is most 
likely less than that of halothane. 


Ryanodine was a generous gift of Dr. L. R. Jones. 
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somatosensory evoked potentials after dermatomal 
stimulation. 1987;66:4—. 


The. effect of lumbar epidural analgesia with plain bupiva- 
caine, 0.5%, on eariy (<0.5 sec) somatosensory evoked 
potentials (SEP) to electrical stimulation of the T-10, L-1, 
and S-1 dermatomes and the posterior tibial nerve was ex- 
amined in eight patients. A decrease of the cortical amplitude 
and an increase in latency were seen, most pronounced at 


the L-1 level, but with only minor effect on the S-1 der- 
matome. No correlation was found between segmental level 
of analgesia and decrease in amplitude of the evoked poten- 
tials. Thus despite clinically adequate surgical anesthesia, 
the neural pathways as assessed by SEP were incompletely 
blocked except at the L1 dermatome near the epidural in- 
jection site. 


Key Words: ANESTHETIC TECHNIQUES—epidural 
BRAIN—evoked potentials. 





Neural blockade by epidural administration of local 
anesthetics is a well-established technique to achieve 
analgesia in the perioperative period. The extent of 
the blockade may be evaluated by careful neurological 
examination with assessment of analgesia by pin prick, 
loss of temperature discrimination, and touch (1). 
However, different local anesthetic agents may have 
differential effect on different nerve fibers (2,3), and 
these discrepancies may be difficult to assess. 
Measuring somatosensory evoked potentials (SEPs), 
defined as changes in- the electroencephalogram after 
somatosensory stimulation, recorded using computer 
averaging technique (4), is an accepted method for 
- objective assessment of the integrity of sensory path- 
_ ways and has been used in pain research (5-8). These 
studies have shown that the intensity of peripheral 
painful somatic stimulation correlates with the am- 
plitude of the cortical SEPs and that subjectively eval- 
. uated pain increases linearly with evoked potential 
: amplitudes (9,10). Inhalational anesthetics, opiates, 
and sedatives have been shown to reduce the ampli- 
tude of evoked potentials (11-15), whereas there is a 
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lack of sufficient information on the influence of neural 
blockade by local anesthetics on SEP (16,17). The aim 
of our study was to investigate the effects of lumbar 
epidural analgesia with bupivacaine on cortical SEP 
after cutaneous electrical stimulation within the re- 
gion of the nerve block. 


Methods 
Patients 


Eight patients, two women and six men, mean age 
34 yr (range 20-59 yr), were studied. None had symp- 
toms, signs, or history of neuromuscular disease. All 
were admitted to the hospital for elective abdominal 
surgery that justified use of an epidural catheter for 
management of postoperative pain. The declaration 
of Helsinki was respected, and informed consent was 
obtained from all patients. 


Stimulation 


Electrical stimuli lasting 0.2 msec were applied via a 
bipolar surface electrode (DANTEC/DISA 13 L 22, Co- 
penhagen, Denmark) at a rate of 1.5 stimuli/sec. The 
stimulation electrode covered 7 x 30 mm. Four uni- 
lateral areas were stimulated posterior to the medial 
malleolus of the ankle at an intensity of 1.5 times the 
motor threshold (TM). The-TM of the posterior tibial 
nerve (PTN) was the intensity just able to elicit a mo- 
tor response in the flexor muscles of the toes. The ' 
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sensory sural nerve, which mainly innervates the area 
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ercrcecs of the S-1 dermatome, was stimulated posterior to the 


lateral malleolus of the ankle. The cutaneous sensory 
nerves of the L-1 and T-10 dermatomes were stimu- 
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was 1.6 + 0.5 according to the Bromage scale from 1 
to 4 (1 = full paralysis, 4 = none) (18). 

During epidural analgesia, a significant reduction 
of the peak-to-peak amplitude of the 5-1, L-1 and T- 
10 SEP potentials was found. Likewise, the P-1 am- 
plitude of the PTN decreased (Table 1). The most 
pronounced changes were seen at the L1 level, where 
every peak (N1-3, P1-3) decreased significantly. Fig- 
ure 1 shows the mean SEP potentials before and dur- 
ing blockade. The effect of epidural bupivacaine was 
most pronounced at L1, where SEP potentials were 
abolished in four of the eight patients. The latency of 
the early SEP components increased significantly at 
S-1, L-1, and T-10. The effect was most consistent at 
L-1 (Table 2). Figure 2 shows the change in P-1 latency 
during blockade (P < 0.05 at all stimulation sites ex- 
cept PTN). The sensory thresholds (TS) increased sig- 
nificantly at L-1 and T-10 during neural blockade, but 
insignificantly at the S-1 level (Fig. 3). 

No correlation was found between the dermatomal 
level of analgesia and the block-induced decrease in 
the dermatomal evoked potential amplitudes (r < 0.7, 
P > 0.1), or between the degree of motor blockade 
and the change in SEP amplitude after stimulation of 
the PTN (r < 0.5, P > 0.1). 


Discussion 


The results of our study show that the amplitudes 
and the latencies of the SEP components within la- 
tencies of 200 msec were susceptible to epidural block- 
ade with bupivacaine. To our knowledge, this has 
been previously demonstrated only in one prelimi- 
nary clinical study (17), where a minor reduction of 
SEP amplitude and prolonged latency to posterior ti- 
bial nerve stimulation were found. In experimental 
studies in monkeys, epidural injection of 0.5% bu- 
pivacaine also reduced SEP amplitude elicited by elec- 
trical stimulation (2). In our study with a mean level 
of analgesia of T-6.8 and a pronounced motor block- 
ade, we found a reduction of the amplitude of all 
peaks after stimulation of L-1 dermatome, but only 
peak-to-peak when stimulating 5-1, and in P-1, N-3, 
and peak-to-peak when stimulating T-10. The block 
only reduced P-1 after stimulation of the PTN. SEP 
was abolished in four of eight patients when stimu- 
lated at the L-1 level and in two patients at the T-10 
level. Despite the minor influence on amplitude after 
S-1 stimulation at the onset, P-1 and N-1 latency in- 
creased significantly. PTN stimulation latency was 
unaltered by the block except for an increased onset 
time. The SEP changes after PTN stimulation during 
blockade are in accordance with previous studies (17). 
We found no correlation between the level of anal- 
gesia and reduction of the SEP amplitude. At the T- 
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Figure 1. Mean cortical somatosensory evoked potentials betore 
and during epidural blockade with bupivacaine, 0.5%, elicited by 
stimulation at four stimulation sites (see text). Solid line, before 
blockade; dashed line, during blockade (n = 8, values are mean 
+ SEM). The change of latency is not shown in this figure. 


10 and L-1 level, where the block induced the most 
pronounced changes, we found a significantly in- 
creased sensory threshold, but no change at S-1 level. 
The demonstrated relative resistance to local anes- 
thetics at the S-1 level, as found by SEP, is in accord- 
ance with the clinical experience that epidural anal- 
gesia is often inadequate for surgery in this area (19). 
The explanation of this phenomenon is unknown. 
Concerning the dermatomal sensory nerve stimula- 
tion, the most pronounced changes were seen after 
stimulation of the L-1 dermatome. This may be due 
to higher concentrations of the local anesthetic agent 
at this level, because the injection site was L2-3. When 
stimulating at the T-10 level, we found only partial 
amplitude changes, indicating that nerve signals were 
able to pass through a presumably blocked area as 
assessed by pin prick. This may explain why the en- 
docrine metabolic response to major abdominal sur- 
gery may only be partially modified by epidural an- 
algesia despite acceptable pain relief (20), in contrast 
to the pronounced reduction in the stress response 
by epidural analgesia in lower abdominal (gyneco- 
logic) procedures (20). However, further studies on 
SEP during thoracic epidural bupivacaine are needed 
to clarify this point. 

We found no correlation between the degree of 
motor blockade and the evoked potentials elicited by 
stimulation of the PTN, which is a mixed sensory 
motor nerve. The explanation may be that the stim- 
ulated area is innervated by sensory nerve fibers from 
L-4, L-5, and S-1 and that the S-1 pathway is insuf- 
ficiently blocked as mentioned above. 
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Table 2. Influence of Epidural 0.5% Bupivacaine on Latency of the Onset and the First Three Positive-Negative Peaks 
of the Somatosensory Evoked Cortical Potentials" 


aA ARUN HATH TY ERT TRAUMA tr EET TEETER thir error Ares nrg ah bere rrervererrr Sra ft emer a aAA 








PTN S.] L-1 -10 
Before p Before P Before P Before P 

Onset 36.2 + 2 <0.025 38 + 2 “20.025 25 22 <O.01 2.21 « <O.005 

P, 43 + 1 ns 46 + ] <).Q25 344 2 g «2,005 37 + 2 0.025 

N, 63 + 2 AS 5/7 2 0.025 452 <0.005 47 + 2 0,025 

P, 64°22 ns 7223 ns 59 2 3 <0.01 60 + l ns 

No 81+ 3 ns 87 #2 ns 77 = 4 “20.025 Vin on ns 

P, 107 + 6 ns 108 + 3 ns 90 + 4 «0.023 90 + 3 «20.025 
112 + 5 ns Pap <0.01 


a! 

Na ee oe n 
iws 

PAIESE ie EEE ERE EN T E 


Abbreviations: PTN, posterior tibial nerve; ns, not significant. 


rerereerirterterr eerie 


“Absolute (mean + sgm) values during blockade are not present because SEPs were abolished in 0, 1, 4, and 2 patients during stimulation of PTN, S-L 


L-t, and T-10, respectively. 
"Mean = SEM. 
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Figure 3. Sensory thresholds before and during epidural blockade 
OF 20 Van with bupivacaine, 0.5% (values are mean + SEM, n = 8). The 
| Smee an marae Dee ae increase was statist cally significant (P < 0.05) at T-10 and L-1 but 
before during before during AOL ACS. 


Figure 2. Latency of the first positive peak (P,) after stimulation at 
four sites (see text) before and during epidural blockade with bu- 
pivacaine, 0.5%. The increase is statistically significant cs 0.05) 
after stimulation at three dermatomal levels (T-10, L-1, S-1), but 
insignificant at the posterior tibial nerve (i = B). 


In studies using electrical dental pulp stimulation, 
direct infiltration with local anesthetics abolished the 
cortical evoked response (6,16). SEP after radial nerve 
stimulation also disappeared completely after pres- 
sure and conduction block (21). No studies are avail- 
able on the effect of spinal anesthesia on SEP. 

The relative contribution of various nociceptive fi- 
bers to the SEP components has been studied and 
discussed in detail (22), but no final picture has 
emerged. However, stimuli passing through A6-fi- 
bers most likely contribute to the early components 
of the SEP, whereas other stimuli passing through C- 


fibers probably may evoke potentials presenting la- 
tencies above 500 msec (22). 

In conclusion, our study has shown that lumbar 
epidural analgesia with plain bupivacaine 0.5% may 
decrease amplitude and increase latency of some of 
the early components of cortical SEP after electrical 
stimulation of sensory and mixed motor sensory nerves. 
The most pronounced changes were seen at the level 
where the concentration of the local anesthetic agent 
presumably is highest. However, during clinically ef- 
fective epidural anesthesia, as assessed by pinprick, 
afferent neural stimuli apparently pass through an 
expected blocked area. These findings, if extended, 
may be of importance when assessing pain syn- 
dromes with diagnostic blocks. We think SEP may be 
of value in future clinical evaluations of neural block- 
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ade and possible differential effects of various local 
anesthetics, as well as of other inhibitors of nocicep- 
tive transmission when administered epidurally or 
intrathecally. 





This study was supported by a grant from ASTRA, AB, Sédertalje, 
Sweden, and the Neuromatic 2000 neuromyograph was kindly placed 
at our disposal by DANTEC/DISA, Copenhagen, Denmark. 
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NIKKI PH, NEMOTO EM, BLEYAERT AL, TAYLOR FH, 
WINTER PM. Absence of 6-adrenergic receptor 
involvement in cerebrovascular dilation by halethane in 
monkeys. Anesth Analg 1987;66:39-46, 


We determined, in monkeys, whether halothane-induced 
cerebrovascular dilation is mediated by B-adrenergic recep- 
tors and whether cerebrovascular tone progressively returns 
to baseline values during prolonged halothane anesthesia. 
Total cerebral blood flow (CBF), cerebral perfusion pressure, 
plasma halothane concentration, and arterial blood gas ten- 
sions and pH were measured in 14 rhesus monkeys me- 
chanically ventilated with 0.5% (inspired) halothane, 33% 
QO, and balance N-O. Halothane was increased to 2.0% ae 
the measurements repeated 30 and 60 min later. Then either 
0.9% NaCl (controls n = 6) or propranolol (n = 8), 1.0 
mg/kg was infused intravenously over 10 min, and the 
measurements repeated at 70, 90, 120, and 150 min. After 





30 mist at 2.0% halothane, CBF increased in the controls 
by 50% (P < 0.05) from 92 + 8(X + sp) te 137 + 39 
milo g ‘nin? and in the propranolol group by 30% (P 
< 0.05) from 106 + 33 to 137 + 28 ml-100 g`min '. 
After 2.5 hr of 2.0% halothane anesthesia, CBF remained 
elevated above baseline levels, but by only 28 and 23% in 
the costtrol and propranolol groups, respectively. Cerebro- 
VASCHHAF resistance was identical in both ae (0.55 + 
0.33 vs 0.53 + 0.13 mm Heml 4100 ¢ lenin’ '). The 
results show thal there is only a 10-20% return of CBF 
toward baseline levels after up to 2.5 hr of 2% halothane 
anesthesia. The results also indicate that halothane-induced 
cerebrovascular dilation is not mediated by B-adrenergic 
receptors. 

Key Words: ANESTHETICS, voLatiLe—halothane. 
BRAIN—blood flow. 





aeterne renane arrest 


Halothane increases cerebral blood flow (CBF) in a 
concentration-dependent manner in humans (1,2) and 
animals (3,4); maximal cerebrovascular dilation and 
complete loss of autoregulation occurs at Ha ae 
concentrations of about 2% (3). Albrecht et al. (5) re- 
ported an initial 208% increase in CBF with 1% in- 
spired halothane in the goat, which returned to nor- 
mal within 2.5 hr. In contrast, Warner et al. (6) reported 
a slower, more gradual restoration of CBF to normal 
in dogs at 1% halothane (end-tidal concentration). 
Cerebral bigod flow decreased by 50% from 1 n ml-100 
g ‘min! at 2 hr after induction to 75 m}100 g min`? 
at 7 hr. The results obtained by Boarini et al. (7) in- 
dicate that this restoration of CBF toward normal is 
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not dose-dependent, at least between 0.5 and 1.3% 
halothane. Thus although both groups of investiga- 
tors reported that CBF returned to baseline values 
during prolonged halothane anesthesia, the time course 
differed markedly. This recovery of halothane-in- 
duced cerebrovascular dilation seems to parallel the 
time-dependent recovery of the cardiovascular and 
metabolic effects of halothane, both of which involve 
B-adrenergic receptors (8). 

Halothane reportedly directly stimulates B-recep- 
tors in the heart, bronchial smooth muscle, and uterus 
(9). Cerebral blood vessels are well-endowed with 
B-adrenergic receptors (10,11) whose manipulation 
directly influences CBF (12,13). The cerebrovascular 
effects of halothane may also be mediated by 
B-adrenergic receptors and, thus, like its cardiovas- 
cular effects, may recover to baseline levels during 
prolonged halothane anesthesia. However, in a pre- 
vious study of the dose-related effects of halothane 
on CBF autoregulation in monkeys (3), we observed 
no sach changes. Thus the aims of this study were 
to determine in monkeys the extent to which CBF 
returns toward baseline values during 2.0% halothane 
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anesthesia of up to 2.5 hr duration and whether halo- 
thane-induced cerebrovascular dilation is mediated 
by B-adrenergic receptors. 


Methods 


Fourteen female rhesus monkeys (Macaca mulatta, Pri- 
mate Imports, Inc., New York, NY) weighing 4.0-5.0 
kg were quarantined and maintained under the care 
of a veterinarian. They were fasted overnight with 
free access to water. 

The monkeys were anesthetized with 4% inspired 
halothane (Fluothane, Ayerst Laboratories, Inc.) in 
48% N2O/48% Os, intubated with cuffed endotracheal 
tubes (Portex, 4.0-5.0 mm i.d.), and mechanically 
ventilated (Model 607 respirator, Harvard Apparatus, 
Inc.) with 0.5% inspired halothane in 33% Oz, balance 
N0. They were paralyzed with pancuronium bro- 
mide (Pavulon, Organon, Inc.), 0.06 mg-kg ‘hr |, 
via a catheter inserted percutaneously into the ce- 
phalic vein. Tidal volumes were set at 12-15 ml/kg 
body weight, respiratory rate at 20 breaths/min, and 
positive end-expiratory pressure (PEEP) at 2-5 cm H-O. 
End-tidal CO, was continuously monitored (Beckman 
LB-2 infrared analyzer) and controlled at 5-6% by 
manipulation of inspired CO. Five percent dextrose 


TO FEMQRAL 
VEIN 


COMMON CARTOID 
ARTERY 


catheter for Xe-sal ine (500 Ci in À.. 2 ml) 
injection with the catheter tip in the in- 
nominate artery for bilateral carotid deliv- 
ery of the isotope. A “flush” volume of 
0.2 ml was used. Both external carotid ar- 
teries were ligated to reduce extracranial 
contamination of rCBF measurements. 
Cerebral venous blood from the torcula 
was continuously sampled at about 7 
ml/min, passed through a glass coil on the 
face of a shielded scintillation probe, and 
returned to the monkey via the femoral 
vein. Brain Xe activity was monitored 
for at least 10 min after isotope injection. 


INNOMINATE 


in 0.45% NaCl containing 100 mEq/L NaHCO, (to cor- 
rect for the acidosis that develops during prolonged 
deep halothane anesthesia) was intravenously in- 
fusedat3mb-kg ‘hr j; Elipi electrocardiogram was 
monitored on a polygraph (Model MP-7, Grass In- 
struments Inc.). Rectal temperature was controlled at 
37-38°C with a heated water blanket (Gorman—Rupp 
Industries) and continuously monitored via a ther- 
mistor and telethermometer (Yellow Springs, Inc.). 

Polyethylene catheters (PE90, Clay Adams, Inc.) 
were aseptically inserted into both femoral arteries 
and veins. Femoral artery catheters were used to mon- 
itor arterial blood pressure on the Grass polygraph 
via a stram-gauge transducer and to withdraw arterial 
blood samples for measurements of blood gas ten- 
sions and plasma halothane concentrations. Femoral 
vein catheters were used for drug infusions and the 
reinfusion of blood withdrawn from the extracorpo- 
real circuit for CBF measurements (Fig. 1). 

Intracranial pressure (ICP), was measured via a 
polyethylene catheter (PE50) inserted in the subarach- 
noid spaee over the parietal cortex and sealed to the 
dura with cyanoacrylate glue (Kodak 910 cement). 
Catheter patency was verified by free backflow of CSF 
and the presence of arterial and respiratory pulsa- 
tions. 


CBF DURING HALOTHANE ANESTHESIA 


A Longdwell catheter (18-gauge) was inserted into 
the torcula and sealed to the dura with cyanoacrylate 
glue for continuous sampling of cerebral venous blood 
for the extracorporeal circuit (Fig. 1). Heparin, 150 TU 
was injected into the torcula to prevent clotting in the 
sinus and the extracorporeal circuit. Craniectomies 
were sealed with methylmethacrylate cement. 

For the injection of '**Xe-equilibrated saline for CBF 
measurements, a catheter (PE50) was advanced 12-13 
cm via the right axillary artery into the innominate 
artery to position the catheter tip below the origin of 
the common carotid artery (Fig. 1). 


Experimental Protocol 


After surgical preparation, ventilation was continued 
with 0.5% halothane in 33% O, and balance N-O for 
a 30-min stabilization period (Table 1). During this 
time, arterial blood gas tensions were verified to be 
within the following limits: Pao, > 100 torr; pHa 
7.35-7.45; Paco: 30-35 torr; base deficit + 5 mEq/L; 
and MAP 100-125 torr. 

After the 30-min stabilization period, a second dose 
of 150 IU heparin was injected into the torcula. The 
extracorporeal circuit (Fig. 1) was primed with 0.9% 
NaCl containing 6 [U heparin/ml. Arterial blood sam- 
ples were obtained for measurement of blood gas ten- 
sions (Corning model 165 trielectrode), hematocrit (1.0 
ml), and plasma halothane levels (1.0 ml). Plasma 
halothane was assayed by gas-liquid chromatogra- 
phy (Varian model 3700) with chloroform as an in- 
ternal standard (14). Thereafter, 500 «Ci of '°Xe in 
0.2 ml of 0.9% NaCl was injected into the innominate 
artery for the first CBF measurement. Inspired halo- 
thane concentration was then increased to 2.0% and 
the measurements repeated 30 and 60 min later. At 
2.0% halothane, MAP was kept above 60 torr by ti- 
trated intravenous infusion of phenylephrine (Neo- 
synephrine, 1:1000; Winthrop Labs) and by elevation 
of the monkeys’ legs. 

Immediately after the 60-min CBF measurement at 
2.0% halothane, either propranolol (Inderal, Ayerst 
Laboratories, Inc.) 1.0 mg/kg (n = 8) or 0.9% NaCl 
(controls n = 6) was infused intravenously over 10 
min. CBF and other variables were again measured 
0, 30, 60, and 90 min after infusion. 


Cerebral Blood Flow Measurement 


The method of CBF measurement we used has been 
previously described (15,16) (Fig. 1). Briefly, CBF was 
measured by continuous monitoring of cerebral ve- 
nous Xe activity after intraarterial (via the brachio- 
cephalic artery) injection of 500 wCi Xe in 0.2 ml 
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Table 1. Experimental Protocol 











| Treatment 
Halothane 
Sampe Time concentration” Controls Propranolol 
number (min) (%) (n = 6) (n = 8) 
a ee aes gs ee ets a a S S 
l 0 0.5 — ae 
2 30 2.0 = = 
3 60 2.0 -x fea 
4 70 2.0 0.9% NaCl Propranolol 
(1.0 mgkg `) 
5 90 2.0 zen ain 
6 120 2.0 — ts 
7 150 2.0 oes = 











‘Inspired halothane in 33% Os, balance NaO 


saline. Cerebral venous blood was continuously with- 
drawn from the torcula at a rate of 7 ml/min, passed 
through a glass coil on the face of a Nal scintillation 
probe, then through a peristaltic pump, and back into 
the animal via the femoral vein. The scintillation probe 
was connected to a spectrometer-ratemeter (Nuclear 
Chicago, Inc.), and the output recorded on a strip 
chart recorder. Whole-brain CBF was calculated by 
stochastic analysis (17,18) according to the following 
formulas: 


peak height 
peak area 
where A is the brain/blood xenon partition coefficient 
weighted for gray and white matter and corrected for 
hematocrit according to the equation (19): 
— (1.04) (0.744) 
C + 0.787 (1 - C) 
(0.3) (hematocrit) 
34 





where C = 


and 1.04 is the Xe brain/blood partition coefficient for 
60% gray matter and 40% white matter at a hemo- 
globin concentration of 17 2/100 ml or a hematocrit of 
57%. Average blood values for rhesus monkeys are: 
hemoglobin, 12.6 g/100 ml; hematocrit, 42%; and mean 
corpuscular hemoglobin concentration 30 (20). 

Mean arterial pressure (MAP) was calculated as the 
diastolic pressure plus one-third the pulse pressure; 
cerebral perfusion pressure (CPP), as the MAP minus 
the ICP; and cerebrovascular resistance (CVR), from 
the equation CVR = CBF/CPP. 

Statistical comparisons between and within groups 
were done by analysis of variance for repeated mea- 
sures and tested for significance by the Stu- 
dent-Newman—Keuls test with a maximum accepta- 
ble ? value of 0.05. 
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Table 2. Arterial Blood Gases, pH, Base Excess (BE), Hematocrit (Hct), and Mean Arterial Pressure (MAP) in Six 
Control (C) and Eight Propranolol (PEL) Treated Monkeys During Halothane Anesthesia" 





0.5% 
Halothane“ 2.0 Halothane“ 

Time (min) 0 30 60 70 90 120 150 
aa A a eS ee aa 
Drugs (IV) None None None PPL/NaCI* 

Pao, (mm Hg) 

C 65 + 11 165 + 15 154 + 23 160 + 19 169 + 24 168 + 22 165 + 21 

PPL 154 + 10 159 + 60 134 +7 131 + 23 130 + 23 132 + 29 134 + 35 
Paco, (mm Hg) 

C 30 +3 31 + 33 + 4 33 + 4 36 + 8 37 + 4 3745 

PPL 34 +5 +4 32 E3 35 +3 33 + 3 35-2 33 + 4 
pHa 

C 7.46 + 0.03 7.41 + 0.04 7.32 + 0.09 7.33 + 0.13° 7.34 + 0.15° 7.28 + 0.11° 7.26 + 0.11? 

PPL 7.37 + 0.06 7.34 + 0.06 7.40 + 0.07 7.43 + 0.04 7.39 + 0.06 7.36 + 0.04 7.37 + 0.06 
BE (mEq/L) 

C —2.7 + 0.5 -7.4 + 2.4 —3.2 + 3.5 =56 9 7-6 -5.8 + 7.3 -7.9 + 6.9 —8.3 + 5.9 

PPL -4.7 +48 —6.2 + 3.4 —3.3 + 2.7 0.7 + 3.9 —3.6 + 2.5 —4.5 + 3.6 —4.7 + 1.9 
Het (%) 

C 35. + 7 34 + 4 32 + 6 32 £5 Bl 5? 30 + & 30 + 5 

PPL 38 + 2 37 + 3 34 + 2 34 +2 30 + 4 29 + 3 28+ 1 
MAP (mm Hg) 

C 89 + 22 79 + 21 79 + 16 72 + 16 74 + 16 74 + 15 68 + 17 

PPL 106 + 6 9 + 10 99 + 12! 89 + 16 91 + 14 91 + 11 83 + 11 





Values are mean + SD. 
“In 33% ©, balance N0. 
Significant difference compared with value at 0.5% halothane. 


Significant difference compared with corresponding value in control group. 


“1.0 mg/kg PPL or 0.9% NaCL 


Results - 


Mean Pao, was maintained between 130 + 23 mm 
Hg (X + sD) and 169 + 24 mm Hg Paco, between 
30 + 3 and 37 + 5 mm Hg in both control and pro- 
pranolol-treated groups; there was no statistically sig- 
nificant difference between or within groups (Table 
2). Arterial pH decreased significantly after 1 hr or 
longer at 2.0% halothane in the control group, but 
was not changed in the propranolol group. Thus after 
150 min at 2.0% halothane, arterial pH was signifi- 
cantly lower in controls compared with the propran- 
olol-treated monkeys. These differences were also re- 
flected in arterial base excess. Hematocrit decreased 
progressively and equally in both groups, with the 
first significant decrease occurring after 70 min at 2.0% 
halothane in the propranolol-treated monkeys and 
after 90 min in the controls. Mean arterial pressures 
were generally lower in ‘the control compared with 
the propranolol-treated monkeys, but MAP values were 
significantly lower only after 60 and 120 min on 2% 
halothane. There was no evidence of a recovery of 
MAP to baseline values for up to 2.5 hr on 2% halo- 
thane. 


With 0.5% inspired halothane, mean plasma halo- 
thane concentration was 3.1 + 3.3 mg/dl (X + sD) 
in the controls and 7.5 + 1.7 mg/dl in the propranolol- 
treated monkeys (Table 3, Fig. 2). With 2.0% halo- 
thane in both groups, plasma halothane levels ranged 
between 17.8 + 3.4 mg/dl and 22.1 + 7.8 mg/dl with 
no significant difference between or within groups. 

Thirty minutes after halothane was increased from 
0.5 to 2.0%, CBF increased by 50% in the control and 
by 30% in the propranolol group, despite an approx- 
imately 20% decrease in CPP (Table 3, Fig. 2). Cere- 
brovascular resistance decreased by 30-40%. These 
changes in CBF, CPP, and CVR persisted a 60 min 
at 2.0% halothane. 

Intravenous infusion of either piorna or saline 
had no effect on cerebrovascular tone for up to 1.5 hr 
after infusion. The apparent (but not significant) 11% 
decrease in CBF from 135 + 40 ml-100 g~*smin~* be- 
fore propranolol infusion to 120 + 23 ml-100 g~*min~* 
at the end of infusion was correlated with the decrease 
in CPP from 67 + 20 to 59 + 17 mm Hg. Cerebro- 
vascular resistance was and remained at 0.62 mm 
Hg-ml~ 1-100 g~*min~*. From 30 to 90 min after pro- 
pranolol infusion mean CBF ranged between 137 + 
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Table 3. Cerebrovascular Variables in Six Control (C) and Eight Prepranolol (PPL)-Treated Monkeys during 


Halothane Anesthesia’ 


Sree eneee a 


0.5% 
me ln) 0 30 60 





CBF (m}-100g° min!) 
C R BAe 39? 124 + 42° 
PPE 106 + 33 137 + 28° 135 + 40° 


CVR (mm Hgm > 1-100 g` umin `?) 


C 0.82 + 0.42 0.56 + 0. 


0.51 + 3.28° 
Pa 





2.0% Halothane" 


134 + 30° 118 + 28° 115° 20" 118 + 18° 
120: 23? 137 + 40° 135 + 44° 130 + 31° 


0.63 + 


0.57 + 0.31" + 
$ 0.55 + 0.18° 


PPL 0.92 2 0.37 0.57 + 0:18" 0.62 + 0.24" 002S 0,15" 0.57 + 0.18" 0.53 + 0.13" 
CPP (mm Heg) 

. 83 + 25 67 + 24! 67 + 20° 59 + a7 6l 19° 38 + 16° bo 18: 

PPL 92 + 4 75 = 6! A x BF 67 + 49% 70 2513" 58 + RP 40 + 7" 
Blood halothane (mg % 

E a 33 20D 26.9? 2g 9.6" 20.4 + 5.0 i og? 17.8 + 3.4" 20.0 + 7.7 

PEL TSE dey 20.8 + 0.3 2250 25 21.9 + 1.6 18:9 3 19.5 + 4.3 22.1 + 7.8 
E EAEN EEE tt pe 


Values are mean + sp. 
“In 33% O, balance N-O. 
"Significant difference compared with value at 0.5% halothane. 


0.53 + 0.13 and 0.57 + 0.18 mm Hg-ml~ 4.100 


and CPP did not change significantly. Cerebral blood 
flow ranged between 115 + 20 and 134 + 50 ml-100 
g min '; CVR, between 0.51 + 0.28 and 0.63 + 
0.31 mm Hgml 1.100 g` min`}; and CPP, between 
70 + 13 and 53 + 18 mm Hg. 


Discussion 


The dose of propranolol was chosen on the basis of 
four pilot studies. Monkeys were mechanically ven- 
tilated with 0.5% halothane in 33% Os, balance N-O. 


various doses, and -receptor blockade was assessed 
according to the reversal of the response in heart rate 
and arterial blood pressure. A cumulative dose of 0.05 
and 0.1 mg/kg propranolol had no effect; 0.25 mg/kg 
caused partial blockade, and 0.75 mg/kg produced 
total B-receptor blockade. Thus we used a dose of 1.0 
mg/kg to ensure complete 6-blockade. Other studies 
also suggest that 1.0 mg/kg propranolol produces 
complete cerebrovascular B-blockade in the monkey. 
Hobson et al. (21) used a propranolol dose of 0.5 
mg/kg based on its reversal of the effects of isopro- 
terenol on arterial blood pressure in the baboon. On 
the basis of our pilot studies, a dose of 0.5 mg/kg 
might have been sufficient to produce complete 


B-blockade, because 0.25 mg/kg caused partial block- 
ade and 0.75 mg/kg caused complete blockade. Hage- 
man and Pruss (22) used 1.0 mg/kg propranolol in the 
rhesus and pigtail monkeys. In cats, 1.0 mg/kg pro- 
pranolol decreased CBF by 30% (23), but did not affect 
arterial pressure, which suggests that a dose of pro- 
pranolol that has no significant effect on cardiovas- 
cular function has a dramatic effect on cerebrovascular 
tone. Propranolol, 0.5 mg/kg, injected into the aorta 
of rabbits did not affect CBF but completely abolished 
the effects of isoproteronol on CBF (12). 

Neither CBF nor CVR returned to baseline values 
during 2.5 hr of 2% halothane anesthesia in the mon- 
key. These findings differ from those of Albrecht et 
al. (5), who reported that after 30 min of 1% halothane 
anesthesia in goats, CBF increased to 208% of the 
baseline value, decreased to 138% after 60 min, and 
returned to normal by 150 min. Neither our results 
nor those of Albrecht et al. (5) can be compared with 
the findings of Warner et al. (6) or Boarini eż al. (7) 
because they monitored the decay in CBF with the 
first measurement 2 hr after the induction of anes- 
thesia. In our studies, CBF increased when halothane 
concentration was raised from 0.5% to 2.0%, and did 
not change significantly thereafter, in either the pro- 
pranolol-treated or control group. Between 70 and 90 
min after halothane was increased to 2%, mean CBE 
in the control group declined from 150% to 130% of 
the value at 0.5% halothane, and this 20% decrease 
(P < 0.05) may be construed as a tendency toward a 








NIKKI ET AL. 


INSPIRED HALOTHANE INSPIRED HALOTHANE 
Los 2.0% — | kos% 20% ————] 180 
PLASMA HALO CBF 160 
(mg %) (co/tOOg/ min) 
25 140 
20 Al T Sica z 120 
[5 í | i loo 
ie f 7 T=SD - j Figure 2. Plasma halothane concentra- 
5 y j œ-o CONTROLI n»=6) f 60 tion, cerebral blood flow (CBF), cerebral 
Z @—e PROPRANOLOL (n28) Z perfusion pressures (CPP), and cerebro- 
O j j O vascular resistance (CVR) in rhesus mon- 
CPP j Z CVR i40 keys during halothane anesthesia. Con- 
(mm Hg) a YA (amHg/CC 100g Amin) | trol monkeys received 3 ml 0.9% NaCland 
120 120 propranolol-treated monkeys, proprano- 
lol 1.0 mg/kg intravenously, between 60° 
100 LOO and 70 min (cross-hatched area). 
80 OAU, | 080 
60 | yt = 0.60 
40 i 0.40 
O 0 
-30 0 30 60 90 120 I&-30 © 30 60 90 120 150 
TIME (min) 


return to baseline. Because CVR did not change, how- 
ever, this decrease in CBF may be attributed to the 
decrease in CPP. 

Our failure to observe a return of CBF toward base- 
line values cannot be explained by the decrease in 
hematocrit or by the tendency of Paco, to increase in 
the controls. These variables did not change during 
the first 60 min at 2.0% halothane. Hematocrit de- 
creased significantly after 70 and 90 min in the pro- 
pranolol and control groups, respectively, but did not 
change thereafter. Thus the change in hematocrit does 
not explain the failure of CBF or CVR to return to 
baseline in the first 60 min at 2.0% halothane or the 
lack of effect of propranolol on CBF between 70 and 
150 min. Furthermore, in the study by Albrecht et al. 
(5), recovery of CBF was nearly complete after 60 min 
of halothane. The modest change in mean Paco, in 
the control group from an initial value of 30 to 33 mm 
Hg at 70 min and 36 mm Hg at 90 min would be 
expected to have little effect on CBF because of the 
buffering capacity of the brain in that range of Paco, 
(24). 

We used phenylephrine during 2.0% halothane 
anesthesia to avoid severe arterial hypotension, which 
otherwise would have drastically affected cerebral 
perfusion pressure and caused hypoxic cerebrovas- 
cular dilation. Phenylephrine does not cross the 
blood—brain barrier or influence CBF (25). If phenyl- 
ephrine had influenced CBF, one would expect it to 
have enhanced the return of CBF to baseline, espe- 
cially in the propranolol-treated monkeys, where its 


a-adrenergic effects were unopposed by B-adrenergic 
activity. This was not observed in either the control 
or the propranolol group. 

Recovery of CBF to baseline values during halo- 
thane anesthesia in the goat (5) appears consistent 
with the adaptation of cardiovascular dynamics shown 
during halothane anesthesia, in man, which was abol- 
ished by -blockade (8). However, cardiovascular dy- 
namics did not return to baseline in the goat (5). If 
the return of CBF and cardiovascular dynamics to 
baseline values during halothane anesthesia in the 
goat occurs by similar mechanisms, then both should 
be prevented by B-blockade. Albrecht et al. (5) studied 
the effects of combined a- and f-adrenergic blockade, 
but the prevention of the return of cardiovascular vari- 
ables to normal during halothane anesthesia by $- 
blockade (6) may depend on unopposed a-adrenergic 
tone. In our study on the monkey, however, neither 
cardiovascular nor cerebrovascular variables tended 
to return toward normal during up to 2.5 hr of halo- 
thane anesthesia and both were unaffected by £- 
blockade alone. Thus the lack of cardiovascular re- 
covery provides some support for the lack of cere- 
brovascular recovery to baseline values. Our failure 
to observe a recovery of cerebrovascular variables over 
a 2.5-hr observation period may be because a signif- 
icant degree of recovery does not occur until 4 hr of 
halothane anesthesia, as reported by Warner et al. 
(6). We do not believe that this is a very likely expla- 
nation, however, because Albrecht et al. (5) reported 
recovery of CBF to baseline values within 1.5 hr of 
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halothane anesthesia and, as described later, we be- 
lieve that the reduction in CBF described by Warner 
et al. over a 7-hr observation period represents a de- 
terioration of the animal preparation. 

Direct measurement of CBF in the goat model has 
obvious advantages and has been extensively evalu- 
ated (26-28), but the role of the goat’s prominent ca- 
rotid rete on CBF and CBF regulation remains un- 
defined. In the goat, the carotid rete is a plexiform 
vascular arrangement in the posterior pituitary fossa, 
which, like other areas such as the area postrema, has 
no blood—brain barrier (29,30). This may explain the 
exaggerated cerebrovascular response of this model 
to exogenously administered catecholamines (31), 
which is a function of blood-brain barrier permea- 
bility (62). The marked reduction in CBF caused by 
electrical stimulation of extrinsic sympathetic nerves 
(31) could also indicate extensive sympathetic inner- 
vation of retial blood vessels. Thus the rapid return 
of CBF to baseline during 1.5 hr of 1% halothane 
anesthesia in the goat may result from increased 
permeability and sensitivity in the carotid rete. 

The difference between our results and those of 
Albrecht et al. (5) may also be due to our higher in- 
spired halothane concentration—2.0% compared with 
1.0%—which could have caused different levels of 
circulating catecholamines. Despite earlier reports that 
halothane anesthesia either did not change or de- 
creased plasma norepinephrine levels (33-35), light 
surgical halothane anesthesia increases the plasma 
catecholamine level by 30%, and deep halothane 
anesthesia suppresses it by 50% (34). Recently, Joyce 
et al. (36) reported that in humans plasma norepi- 
nephrine levels increase by about 150% after 10-12 
min at an end-tidal halothane concentration of 1.5%. 
Thus the variable effect of halothane anesthesia on 
plasma catecholamines may alter its cerebrovascular 
effects, depending on whether (to what extent) cir- 
culating catecholamines penetrate the blood—brain 
catecholamines penetrate the blood—brain barrier. 

Warner et al. (6) and Boarini et al. (7) reported a 
return of CBF toward baseline values over 7 hr of 1% 
halothane anesthesia. However, the parallel decrease 
in CMRO, indicates a general physiologic deteriora- 
tion of the animal preparation similar to that observed 
during prolonged barbiturate anesthesia in the dog 
(37). Their data contrast with the rapid return of CBF 
to baseline values within the first 1.5 hr of 1% halo- 
thane anesthesia reported by Albrecht et al. (5) in the 
goat. Furthermore, in the goat, as CBF returned to- 
ward baseline over the 150-min observation period, 
CMRO, progressively returned toward normal values 
after the initial depression at the onset of anesthesia, 
unlike the gradual decrease in CMRO), reported by 
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Warner et al. (6). Clearly, the return of CBF toward 
baseline during prolonged halothane anesthesia re- 
ported by Warner et al. (6) and Albrecht et al. (5) are 
different phenomena. The phenomenon as reported 
in the goat may be unique to the goat model at 1% 
(inspir ed) halothane anesthesia and does not occur in 
the monkey at least at 2.0% inspired halothane. Re- 
ports revealing marked differences in the adrenergic 
mechanisms influencing cerebrovascular tone in dif- 
ferent animals and humans (38,39) accentuate the 
likelhood that at least some of the differences in the 
results obtained are attributable to differences be- 
tween species. 

Our results suggest that unlike the metabolic ef- 
fects of halothane on lipolysis in the epididymal fat 
pads in rats (40) and adipose tissue in humans (41), 
its cerebrovasodilatory effects are not primarily me- 
diated by B-adrenergic receptors. These findings are 
consistent with the observation that the smooth-mus- 
cle-relaxing effects of halothane, which apparently 
are mediated by cyclic-AMP (41-44), are unaffected 
by S-receptor blockade (45). Triner et al. (45) showed 
that halothane directly activates adenylate cyclase, 
which could lead to cAMP accumulation (42) and, in 
turn, to cerebrovascular dilation. 


Halothane (Fluothane) was generously provided by Ayerst Labs, 
Inc. The authors gratefully acknowledge the helpful comments of 
Dr. Robert Willenkin, the editorial assistance of Ms. Lisa Cohn, 
and the secretarial assistance of Ms. Betty Jacobson. 
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Nitrous Oxide Reduces Thiopental-Induced Prolongation of 
Survival in Hypoxic and Anoxic Mice 


John Hartung, PhD, and James E. Cottrell, MD 





HARTUNG J, COTTRELL JE. Nitrous oxide reduces 
thiopental-induced prolongation of survival in hypoxic 
and anoxic mice. Anesth Analg 1987;66:47-52. 


Arnfred’s mouse model was used to test the effect of thio- 
pental during hypoxia (5% O2) and anoxia, with and with- 
out simultaneous administration of nitrous oxide. As found 
by Arnfred and others, thiopental without N,O more than 
doubled survival time during hypoxia (from 5.2 + 0.6 to 
13.9 + 2.6 min). This effect was completely offset by si- 
multaneous use of N2O (from 13.9 + 2.6 to 4.8 + 0.7 


min). Thiopental without NO also increased survival time 
durin2 complete anoxia (from 26 + 1 to 59 + 1 sec). This 
effect was diminished by 58% when N,O was added (from 
59 + 1 to 40 + 1 sec). We conclude that nitrous oxide 
dimin=shes the effect of barbiturates upon survival time in 
hypoxic and anoxic mice. 


Key Words: BRAIN—hypoxia. ANESTHETICS, 
GASE——nitrous oxide. ANESTHETICS, INTRAVE- 
Nous—thiopental. HYPOXIA—cerebral. 


a U a UUU 


In 1962 Arnfred and Secher subjected mice to hypoxia 
(5% oxygen) and found that thiopental more than 
doubled survival time (1). Two years later Wright and 
Ames found that prophylactic thiopental doubled sur- 
vival time in cats subjected to total cerebral ischemia 
(2). In the following year Wilhelm and Arnfred used 
the mouse model to test seven additional anesthetics, 
including ether and nitrous oxide (3). Again thiopen- 
tal more than doubled survival time. The other agents 
had modest positive effects, ether had no effect, and 
nitrous oxide (N20) slightly decreased survival time. 
In order to investigate the possibility of an interactive 
effect between thiopental and N,O, we subjected thio- 
pental-anesthetized mice to hypoxia or anoxia with 
or without nitrous oxide. 


Materials and Methods 


The effect of thiopental (9-10 mg/100 g body weight 
intraperitoneally) was tested under four experimental 
conditions: 1) hypoxia without N,O, 2) hypoxia with 
N20, 3) anoxia without NO, and 4) anoxia with NO. 
All tests were performed on adult (>14 weeks) Swiss 
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whit2 male mice weighing 30-50 g. Each mouse was 
placed in a 0.5-L Erlenmeyer dispensing flask, and 
appropriate gas mixtures were delivered through the 
bottcm spout and exhausted through a one hole stop- 
per. A hinged flap was calibrated with weights to 
stand at 45° when flow was 6 L/min. When gas mix- 
tures were changed, flow rates were briefly turned to 
15-2) L/min in order to flush the vessel (Fig. 1). All 
gas mixtures were delivered from premixed certified 
tanks, except air, which was delivered from a labo- 
ratory outlet. 

Atter Arnfred’s protocol (1), mouse survival time 
was measured to the last perceptible breath. Survival 
times were compared across groups by one-way anal- 
ysis of variance, and individual comparisons were 
made by t-tests. 


Hypoxia 
Mice were divided into four groups. Group 1h re- 
ceived thiopental and breathed 21% O, balance N; for 
15 min before being switched to 5% O, balance N2 
(actual O2 = 5.15%, n = 30). Group 2h served as 
control for group 1, receiving the same treatment 
without thiopental (n = 20). Group 3h received thio- 
pental and breathed 21% O, 50% N2O balance N, for 
15 min before being switched to 5% O, 50% N2O 
balarce N, (actual O, = 5.21%, n = 30). Group 4h 
served as control for group 3h, receiving the same 
treatment without thiopental (n = 20). 

Individual mice were chosen at random and were 
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Figure 1. 
with and without thiopental, each with and without simultaneous 
N:O. See methods for eight separate experimental treatments, and 


Figures 2 and 3 for results. 


Time to last breath during hypoxia or anoxia was tested 


tested consecutively across groups (one for group 1h, 
then one for group 2h, then one for group 3h, etc.) 
in order to distribute artifacts across groups as evenly 
as possible (e.g., fluctuations in ambient temperature, 
time of day, etc.). 


Anoxia 


The above protocol was repeated, except that all mice 
were switched to an anoxic rather than a hypoxic 
mixture. Group la received thiopental and breathed 
21% O; balance N> for 15 min before being switched 
to 100% N» (n = 30). Group 2a served as control for 
group la, receiving the same treatment without thio- 
pental (n = 20). Group 3a received thiopental and 
breathed 21% O, balance N20 for 15 min before being 
switched to 30% N; balance NO (n = 30). Group 4a 
served as control for group 3a, receiving the same 
respective treatment without thiopental (n = 20). 


Technical Notes 


Male mice have large and fully retractable testicles, 
with the internal scrotum covering nearly two-thirds 
of the abdomen. It is easy to mistake an intrascrotal 
injection for an intraperitoneal injection. If this hap- 
pens, or if the injection is subcutaneous, the mouse 
will not become fully anesthetized and will continue 
to be startled by the rap of a pencil on the side of the 
flask. The opposite difficulty also exists—-an adult male 
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MINUTES 





GROUP 1h. Thiopental 2h. Nothing 3h. Thiop.+ N20 4h. Na 


N 30 20 30 
Mean + SEM 13.9426  5.240.6 4.8+0.7 4.2403 
Figure 2. Hypoxia survival time (group 2h) was more than dou- 


bled by thiopental (group 1h). Simultaneous use of N 20 (group 
3h) diminished that effect by 105% (group 1h ~ group 3h + group 
th = group 2h). All comparisons to group th are significant, other 
comparisons are not significant (P < 0.01, ANOVA and t-tests), 


mouse’s entire peritoneal cavity is not much larger 
than the bulk of his testicles. Even when using a tu- 
berculin syringe, it is easy to hit a vital internal organ, 
especially the liver. When this happens, the mouse 
will die before the end of the stipulated 15-min period 
that precedes the insult (hypoxia or anoxia). 

A 1% solution of thiopental is especially convenient 
because it allows each animal's weight in grams to 
represent the portion of 1 ml required (e.g., a 37-g 
mouse receives 0.37 ml of solution). However, a 1% 
solution of commercially prepared thiopental would 
be significantly hypotonic if diluted with the distilled 
water that comes with pharmaceutical kits. Allowing 
for the buffer in commercial preparations (5% by 
weight), we diluted the powder with a 30:45 mixture 
of H-O and normal saline. 


Results 


Thiopental more than doubled survival time during 
both hypoxia and anoxia, but the central issue here 
is the effect of simultaneous nitrous oxide. 


Hypoxia 

Thiopental extended the time to last breath by 167% 
when not used i conjunction with NO (group 
lh — group 2h + group 2h; as found previously, 
this effect varied substantially across individual mice). 
The simultaneous thiopental/N.O group (group 3h) 
addresses the issue of the interactive effect between 
thiopental and nitrous oxide. During hypoxia, N-O 
completely offset the effect of thiopental (Fig. 2). 


N-O REDUCES THIOPENTAL SURVIVAL TIME 





decrement to 


— effect of effect 


thiopental 


SECONDS 





0 
GROUP 1a. Thiopental 2a. Nothing 3a Thiop.+ N30 4a. N30 
N 25 15 25 15 
Mean + SEM 59+1 26+1 40+1 24+1 


Figure 3. Anoxia survival time (group 2a) was more than doubled 
by thiopental (group la). Simultaneous use of N-O (group 3a) di- 
minished that effect by 58% (group la ~ group 3a + group la — 
group 2a). All comparisons are significant except group 2a with 
group da (P = 0.01, ANOVA and t-tests). 


Anoxia 


Under complete anoxia, mice die in a remarkably short 
time (= 26 sec, group 2a) with even more remarkable 
consistency (standard errors for all anoxic survival 
times rounded to 1). Thiopental extended the time to 
last breath by 127% when not used in conjunction 
with N-O (group la — group 2a + group 2a). As with 
hypoxia, the addition of NoO under complete anoxia 
(group 3a) substantially diminished the effect of thio- 
pental, but the magnitude of this decrement was cut 
in half (58 vs 105%, Figs. 2, 3). 


Discussion 
We found that thiopental extends mouse survival time 
during both hypoxia and anoxia. This finding repli- 
cates work reported more than 20 yr ago (1,3,4). The 
new finding here is that nitrous oxide offsets thio- 
pental’s protective effect during hypoxia, and sub- 
stantially diminishes that effect during anoxia. 
Many investigators have found protective effects 
of barbiturates to various combinations of hypoxia 
and anoxia with or without partial or total cerebral 
ischemia (1-23), but in the last 12 yr several major 
studies have conspicuously failed to replicate those 
results (22,24-32). In the discussion section of a major 
paper (30) reporting a lack of barbiturate protection 
during cerebral ischemia, it was observed that two 
previously reported and highly comparable investi- 
gations, those of Goldstein et al. (5) and Steen et al. 
(28), produced contradictory results. The only meth- 
odologic difference between the studies was that the 
investigation that failed to find that thiopental pro- 
tected against cerebral ischemia used nitrous oxide 
(28), whereas the investigation that found that thio- 
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pental afforded protection did not use nitrous oxide 
(5). The following opinion was stated: “Although NO 
may not be as indifferent as hitherto believed, it is 
most unlikely that it should offset a beneficial effect 
of the barbiturate” (30). 

Our results suggest the opposite possibility, i.e., 
that N.O may offset a beneficial effect of barbiturates. 
Unfortunately, unlike the investigations of Goldstein 
et al. (5) and Steen et al. (28), few of the experimental 
or clinical protocols that have tested the effect of bar- 
biturates are sufficiently similar to be directly com- 
parable. Nevertheless, crosstabulation of a compre- 
hensive collection of reports reveals a strong negative 
association between evidence of barbiturate protec- 
tion and use of nitrous oxide (Table 1). 


Critique of the Model 


Although N2O should not be expected to cause myo- 
cardial depression at less than 1 atmosphere (33), two 
eminently possible confounding effects that may have 
contributed to our finding are N.O-induced respira- 
tory depression and NO potentiation of thiopental 
beyond its therapeutic range. 


results were caused by such depression, they have 
no relevance to patients in whom respiration is con- 
trolled by ventilators. Eger has hypothesized that an 
N2O-induced increase in cerebral blood flow (CBF) 
could decrease PCO, in the brain, which would inhibit 
stimulation of peripheral chemoreceptors and account 
for reduction of the ventilatory response to hypoxia 
(34). However, an increase in CBF induced by N,O 
is not likely to offset the marked reduction in CBF 
caused by thiopental. Accordingly, when CBF is re- 
duced by thiopental, N20 is not likely to elevate CBF 
to a level that would inhibit stimulation of peripheral 
chemoreceptors. If N2O in our hypoxia model did 
seriously depress ventilation, we would expect the 
N2O-only mice (group 4h) to die substantially sooner 
than control mice (group 2h). This did not happen 
(Fig. 2). Equally important, in the presence of com- 
plete anoxia, ventilatory depression should not be a 
disadvantage. In other words, if there is no oxygen 
to be gained by breathing, breathing less should si- 
multaneously conserve energy and elevate Pco». In 
this case the elevation in PCO. should somewhat com- 
pensate for the decrease in CBF caused by thiopental, 
thereby removing toxic metabolites faster. Accord- 
ingly. if respiratory depression played a significant 
role in the N,O-induced decrement to thiopental pro- 
tection during complete anoxia, it may have slightly 
decreased that decrement. 
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Use of Nitrous Oxide Associates Negatively with Barbiturate Protection (a = 33, y° = 10, P < 0.01) 


Barbiturate Protection 


Not evident 


1962 
1964 
1965 
1965 
1966 
1968 
1969 
1972 
1973 
1974 
1975 
1975 
1976 
1978 
1979 
1985 
1985 
1986 


1963 


1978 


Table 1. 
Evident 
Use of N-O Reference Investigator(s) 
None 1 Arnfred and Secher 
fa Wright and Ames 
3 Wilhjelm and Arnfred 
4 Wilhjelm 
5 Goldstein et al. 
6 Secher and Wilhjelm 
fi Cockburn et al. 
8 Yatsu et al. 
9 Hoff et al. 
10 Smith et al. 
i Hoff et al. 
12 Moseley et al. 
13 Michenfelder et al. 
14 Steen and Michenfelder 
15 Tamura et al. 
16 Chang et al. 
17 Todd et al. 
18 Nussmeier and Slogotf 
Curtailed 19 Wells et al.“ 
20 Corkill et al.” 
21 Bleyaert et al. 
Substantial 22 Michenfelder and Theye 
23 Corkill et al.“ 


Year Reference Investigator(s) Year 
24 Snyder et al. 1979 
25 Abramson et al.’ 1983 
26 Brain 1986 
1976 27 Ward et al.“ 1985 
1973 22 Michenfelder and Theye* 1973 
1978 28 Steen et al. 1979 
29 Todd et al. 1982 
30 Gisvold et al. 1984 
3] Aldrete and Cubillos 1984 
32 Gisvold et al.” 1984 
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Articles are numbered as in text and references. 
“NO used only after insult. 

N:O used during surgical preparation only. 
N-O discontinued before insult. 


"This paper reports two separate experiments and is therefore listed twice. 


‘One could interpret the results of this paper as not showing protection, but the authors claim otherwise. 
‘Dr. Jastremski informed us (personal communication) that analysis of finished findings revealed that statistical significance in favor of protection was 
“almost reached” in the most severely arrested group. Perhaps this peper should be classified as showing protection. 


Used NO in OR but nat in ICU. 


"This study used hemodilution, hypertension, hypothermia, and dexamethasone in addition to pentobarbital and nitrous oxide. Treated animals woke 
up sooner, but there was no statistically significant difference between groups on neural deficit score-—especially if the treatment group animal that was 


excluded from the analysis of postinsult deterioration is included. 


Our experimental design did not control for the 
possibility that N.O potentiated the effectiveness of 
thiopental to the extent that the same absolute dose 
given to group 3h and group 3a would constitute an 
overdose. This possibility can only be evaluated em- 
pirically, by incrementally lowering the thiopental dose 
in groups 3h and 3a. If the offsetting effect attributed 
to NO were to disappear at a lower dose of thiopen- 
tal, then we have misinterpreted our results. 


Interpretation of Results 


If our results are correct, they allow the conjecture 
that N-O elevated metabolism in vital brain structures 


+ 


sufficiently to offset, or at least interfere with, the 
reduction of metabolism caused by thiopental. This 
interpretation, though speculative, is consistent with 
the finding that N20, when used alone, elevates cere- 
bral glucose utilization (35) and the cerebral rate of 
oxygen consumption (CMRO-2) (36-39) while deplet- 
ing stores of adenosine triphosphate and phospho- 
creatine (40). 

The fact that mice that received N20 only (groups 
4h and 4a) did not die substantially sooner than con- 
trol (groups 2h and 2a) suggests the following: 1) any 
increase in metabolism caused by N20 is not critical 
when CMRO, is not depressed, but may be critical 
when CMRO, has been reduced by thiopental, and/or 


NO REDUCES THIOPENTAL SURVIVAL TIME 


2) simultaneous thiopental and NO produce a neg- 
ative synergism that is more complex than a straight- 
forward opposition of effects on CMRO3. Both of these 
possibilities are in agreement with the recent finding 
of Sakabe et al. that “local cerebral glucose utilization 
in various brain structures is higher during the com- 
bined use of nitrous oxide and pentobarbital anes- 
thesia than that measured during pentobarbital anes- 
thesia alone” (41). 

If N20 elevates cerebral metabolism without caus- 
ing a concomitant increase in CBF during barbiturate 
anesthesia, as it has been shown to do during mid- 
azolam anesthesia (42), the resulting mismatch be- 
tween CBF and CMRO, could be critical during O, 
deprivation. 

Considering both our experimental findings (Figs. 
2, 3) and the result of our literature search (Table 1), 
we conclude the following: 1) barbiturates signifi- 
cantly prolong survival in mice subjected to hypoxia 
or anoxia, 2) nitrous oxide substantially diminishes 
that effect, and 3) contradictory findings in the liter- 
ature regarding the protective effect of barbiturates 
may be in part an artifact of NO use. 
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Pharmacokinetics of Alfentanil in Chronic Renal Failure 


M. Chauvin, MD, C. Lebrault, MD, J. C. Levron, PhD, and P. Duvaldestin, MD 





CHAUVIN M, LEBRAULT C, LEVRON Ic, 
DUVALDESTIN P. Pharmacokinetics of alfentanil in 
chronic renal failure. 1987:66:53-—6. 


The pharmacokinetics of alfentanil were studied duri He Qen- 
eral anesthesia in nine patients with renal failure and in 
fen patients with normal renal function. All patients re- 
ceived 0.03 mg/kg alfentanil as an intravenous bolus injec- 
tion. Plasma concentrations were measured at intervals up 
to 8 hr, using a specific radioimmunoassay technique. Pro- 
tein binding was measured by equilibrium d talysis. Elimi- 
nation half-life and plasma clearance were similar in both 
groups. The volume of distribution at steady state was greater 
(P < 0.02) in patients with renal failure (405 + 86 ml/kg) 














minema 


than in patients with normal renal function (281 + 97 
ml/kg). Patients with renal failure had a higher (P < 0.01) 
alfentanii plasma free fraction (0.19 + 0.06) than patients 
with normal renal function (0.11 + 0.03). When kinetic 
parameters were corrected for protein binding, the unbound 
volume ef distribution and the free drug clearance were 
unchanged in patients with renal failure. These results sug- 
gest that the modification of alfentanil free fraction in renal 
failure dees not induce any change in elimination but may 
influence the distribution of alfentanil. 


Key Words: ANALGESICS-alfentanil. ANESTHET- 
ICS, INTRAVENOUS—alfentanil. KIDNEY —chronic renal 
failure. PH ARMACOKINETICS— alfentanil. 
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Decreased drug protein binding is a frequent finding 
in patients with renal failure (1,2). This change has 
been reported mainly with acidic compounds (1) such 
as thiopental, the free fraction of which is markedly 
increased in renal failure (3). The plasma protein bind- 
ing of basic drugs is of much greater variability in 
renal failure (2). In uremic subjects the protein bind- 
ing of drugs such as quinidine, desmethylimipramine 
(4), dapsone (5), and propranolol (6) is unchanged, 
whereas that of morphine (7) and fentanyl (8) is di- 
minished. Reidenberg and Affrime (5) concluded that 
in uremic subjects, each basic drug of clinical interest 
requires individual study. In addition, the increased 
free fraction has been shown to modify distribution 
and elimination of drugs that are extensively bound 
to plasma proteins (3). Alfentanil is a weak base that 
is 92% bound to plasma proteins, particularly to œ,- 
glycoprotein (9), and it is uncertain whether renal 
failure might or might not affect the protein binding 
of alfentanil and its pharmacokinetics. The purpose 
of this study was to determine the pharmacokinetics 
and the plasma protein binding of alfentanil in pa- 
tients with renal failure. 
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Methods 


The study was carried out on nine patients with chronic 
renal failure, aged 43 + 13 yr (mean + sp) and weigh- 
ing 61 + 9 kg, and ten patients with normal renal 
function, aged 45 + 13 yr and weighing 59 + 14 kg. 
Informed consent had been obtained prior to the study, 
which was approved by the institutional Board of Paris 
5 University. Two patients were oliguric and on long- 
term hemodialysis and seven patients were in the 
predialysis state with creatinine clearances below 10 
ml/min. All patients had normal hepatic function. 
Normal patients were ASA Class I or II scheduled for 
minor peripheral surgical procedures. Renal failure 
patients were scheduled for creation of arteriovenous 
fistulas. None had significant blood loss. Premedi- 
cation consisted of 2 mg lorazepam given orally 2 hr 
before anesthesia. Anesthesia was induced with thio- 
penta, 5-7 mg/kg IV. Vecuronium, 80 ug/ke, was 
used for tracheal intubation. Anesthesia was main- 
tained with 60% nitrous oxide in oxygen delivered by 
mechanical ventilation. Ventilation was adjusted in 
order to maintain end-tidal CO, at approximately 5% 
(Datascope? 500 CO, analyser). Nasopharyngeal tem- 
perature was monitored and maintained between 36.0° 
and 37.0°C by surface warming. Five to ten minutes 
after induction of anesthesia, alfentanil, 0.05 mg/kg, 
was given by an IV bolus (10 sec) injection. In some 
cases, where analgesia was insufficient, fentanyl was 
administered in repeated doses of 0.1 mg. Venous 
blood samples (5 ml) were withdrawn into heparin- 


ized tubes from a separate line before, then at 5, 10, 
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Table 1. Effect of Renal Failure on the Pharmacokinetics 


of Alfentanil 


ct 


Renal failure 





Normal 
Vi (ml/kg) 130 + 43 126 + 50 
Vd..(ml’kg) 281 + 97 405 = 8b" 
Vd,(ml/kg) 356 + 167 415 + 93 
CL (mi-kg 5min j) Sb a 16 PEETI 
tiag(min) 90 + I§ 107 + 44 


Values are mean + sD. 

Abbreviations: Vp initial volume of distribution; Vda total apparent 
volume of distribution at steady state; Vda, total apparent volume of distri- 
bution measured by the method of the area under the curve; CL, plasma 
clearance; hag, elimination half-life. 

“P<. 0.02, renal failure versus normal renaj function, 


15, 30, 60, 90, 120, 180, 240, 300, 360, and 480 min 
after drug administration. 

Alfentanil plasma concentration was determined 
by radioimmunoassay with a sensitivity of 0.1 ng/ml 
(10). It was verified in our laboratory that the antibody 
used for alfentanil radioimmunoassay did not cross- 
react with fentanyl. 

The free fraction (unbound fraction) was measured 
by equilibrium dialysis at alfentanil concentrations of 
50 and 500 ng/ml as previously described (11). The 
concentration of albumin and a,-glycoprotein was also 
measured (12) on preoperative serum samples. 

The plasma concentration curves derived from data 
of individual patients were fitted to a biexponential 
equation, interpreted as a two-compartment open 
model, using nonlinear least-squares regression anal- 
ysis. The following pharmacokinetic parameters were 
derived: distribution half-life (taa), elimination half- 
life (tv8); volume of the central compartment (V)); 
total apparent volume of distribution at steady state 
(Vds) (13); and plasma clearance. The total apparent 
volume of distribution measured by the area method 
(Vd,) was also obtained, using the trapezoidal rule. 
Pharmacokinetic parameters based on free alfentanil 
were determined. The unbound clearance was deter- 
mined by dividing the total drug clearance by the free 
fraction. The volume of distribution at steady state 
for unbound alfentanil was determined by dividing 
the Vd, by the free fraction. Statistical differences 
between the data obtained from the patients with renal 
failure and from the control patients were analyzed 
by the unpaired t-test, and linear regression was used 
to examine the relationship between alfentanil protein 
binding and plasma protein levels. 


Results 


Anesthesia lasted 2.1 + 1.5 hr in control patients and 


2.3 + 1.0 hr in renal failure patients. Fentanyl was 


administered in seven patients with normal renal 
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Table 2. Plasma Protein Concentrations and Unbound 
Alfentanil Pharmacokinetic Parameters in Renal Failure 
and Patients With Normal Renal Function 


Normal Renal failure 
Albumin (g/l) 36 + 2 35 + 8 
a )-Glycoprotein (g/l) 0.47 + 0.16 0.67 + 0.27 
FF 0.11 + 0.03 0.19 + 0.06" 
Vdr (ml/kg) 2580 + 570 2375 + 910 
Clery (mikg min’) 26.3 = 8.9 Soa 


Values are mean t sb. 

Abbreviations: FF, free fraction plasma alfentanil concentration; Vde, 
unbound volume of distribution: CL, unbound clearance. 

aP a QOI, renal failure versus normal renal function. 


function and in six patients with renal failure. The 
plasma concentration decay curve was biexponential 
in all patients. Tables 1 and 2 summarize kinetic data 
in the normal and renal failure subjects. In each, the 
plasma free fraction was identical with the two con- 
centrations of alfentanil used in measurements of free 
fraction by equilibrium dialysis. The free fraction was 
significantly increased (P < 0.01) in patients with renal 
failure. The decreased protein binding had no effect 
on Vi, Vdg, plasma clearance, and t..8, which did not 
differ between the renal failure and normal subjects. 
Volume of distribution at steady state increased sig- 
nificantly (P < 0.02) in the patients with renal failure. 
Pharmacokinetic parameters based on the free frac- 
tion were unchanged in the presence of renal failure. 
Plasma concentrations of albumin and a;-glycopro- 
tein were not significantly different between the two 
groups of patients (Table 2). No linear correlation could 
be observed between alfentanil free fraction and the 
plasma concentration of a,-glycoprotein. 


Discussion 

The plasma protein binding of alfentanil in normal 
patients in the present study was similar to that re- 
ported by Meuldermans et al. (9), who reported a 
92.1% binding. We observed an increase in the free 
fraction of alfentanil in patients with renal failure. œ- 
Glycoprotein has been reported to be the main bind- 
ing protein for alfentanil (9), as well for a number of 
other basic drugs, e.g., lidocaine, propranolol, imip- 
ramine, methadone, and quinidine (2). However, al- 
though the binding of acidic drugs is generally de- 
creased in plasma of patients with renal failure, e.g., 
phenytoin (14), salicylates, phenylbutazone (15), and 
thiopental (3), the binding of basic drugs is much 
more variable. The uremic unbound protein fraction 
of diazepam, demethyldiazepam, chloramphenicol (2), 
and morphine (7) is increased in plasma from patients 
with renal failure whereas the unbound fraction of 
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desmethylimipramine (4), dapsone (5), propranolol 
(6), and fentanyl (9) was unchanged. The factors af- 
fecting drug binding in renal failure include hypo- 
proteinemia, hyperlipoproteinemia, abnormal pro- 
tein configuration, and drug displacement by 
accumulated endogenous and exogenous compounds 
including drug metabolites. In the present study some 
of the proposed mechanisms such as hypoproteine- 
mia may be excluded because a,-glycoprotein and al- 
bumin were not modified. The effect of dyslipopro- 
teinemia can be ruled out because alfentanil is poorly 
bound to lipoproteins (9). An alteration in protein 
configuration is a possible mechanism to explain the 
decreased capacity of binding to alfentanil. This hy- 
pothesis has been suggested as applicable to other 
drugs. The binding of sulphonamides in uremia may 
be low in spite of normal concentrations of serum 
proteins (16). The magnitude of the decrease of plasma 
binding of phenytoin in uremic patients was found 
to be greater than predicted by simple dilution of 
plasma with phosphate buffer (17). The altered al- 
bumin configuration observed in uremia by isoelectric 
focussing (18) further confirms this mechanism. Fur- 
thermore, Boobis (16) described qualitative changes 
in amino acid content of albumin from uremic subjects 
that caused a decrease in the association constants 
between phenytoin (18) and sulphadiazine (16) on the 
one hand and uremic albumin on the other hand. The 
decreased protein binding capacity observed in pa- 
tients with renal failure may also be caused by the 
accumulation of endogenous compounds or drug me- 
tabolites. Inhibition in drug protein binding is seen 
with several drug metabolites such as phenytoin, 
phenylbutazone, sulphadiazine, salicylic acid, war- 
farin, and chloramphenicol (19). 

The displacement of drugs from their binding pro- 
teins may modify their elimination and their distri- 
bution into tissues (20) if the unbound fraction of the 
drug in the plasma is the only one that crosses cell 
membranes. The increased free fraction of alfentanil 
was not, in the present study, associated with any 
change in its plasma clearance. This suggests that 
alfentanil elimination is not restricted to the free frac- 
tion. Alfentanil is almost completely metabolized in 
the liver (21). The hepatic extraction coefficient of al- 
fentanil estimated from the clearance has an inter- 
mediate value between 0.3 (11,22) and 0.6 (23-25). In 
the present study, the hepatic extraction coefficient 
of alfentanil was estimated as 0.3 in both normal and 
renal failure patients. This value was much greater 
than the free fraction, even in renal failure, and sug- 
gests that both free and bound alfentanil can be ex- 
tracted by the liver (26). In contrast, the free fraction 
of thiopental exceeds the hepatic extraction coefficient 


and this increase in the free fraction led to an increase 
in the clearance of the drug in patients with renal 
failure (3). The steady state volume of distribution of 
alfentanil was increased in patients with renal failure, 
which may be explained by an increase in the free 
may influence distribution of the drug. However no 
change was observed in V; and Vd,. Therefore, in 
renal failure patients we can expect to find an increase 
in concentration at the receptor sites and thus an in- 
crease in alfentanil clinical response. 

Alfentanil kinetics, based on free drug concentra- 
tions (unbound volume of distribution and unbound 
clearance) did not differ in the renal failure group, 
compared with the normal renal function group. These 
data indicate that there is no change in either the 
ability of the liver to metabolize alfentanil or in alfen- 
tanil distribution. 

In conclusion, although chronic renal failure was 


trations were used for calculations. This suggests that 
the altered protein binding of alfentanil must be care- 
fully considered, particularly in presence of renal fail- 
ure. 
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electromyographic measurement of abdominal motor 
blockade during bupivacaine epidural anesthesia for lower 
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The onset and regression of abdominal motor blockade was 
monitored with integrated electromyography in eighteen pa- 
tients undergoing pelvic or lower abdominal surgery during 
lumbar epidural anesthesia using 0.75% bupivacaine with 
1:200,000 epinephrine. The integrated electromyograph 
(EMG) was measured at the T-6, T-8, T-10 and T-12 der- 
matomes during a standardized head-raising test before 
anesthesia and at fixed time intervals thereafter for a min- 
imum of four hours. Simultaneous measurements were made 
of abdominal sensory block (analgesia to Allis forceps pinch 





stn te 


expressed in dermatomes) and lower limb motor blockade 
(Bromage scale). Motor block at a given dermatome level 
was defined as reduction of the integrated EMG amplitude 
to less fian 20% of control. Mean maximum level of sensory 
block was T-4.2 + 0.6 (SEM) mean maximum level of motor 
block was T-8.8 + 0.5. The mean motor sensory differential 
varied between 4.5 + 0.6 and 5.3 + 0.9 segments over 
the 4-hr study per iod. Mean time to maximum abdominal 
sensory block was 28 + 3 min, and maximum abdominal 
motor Flock was 29 + 6 min. Mean time to two-segment 
regression of abdominal motor block was 94 + 18 min and 
to two-segment regression of abdominal sensory block, was 
150 + 18 min. 


Key Words: ANESTHETIC TECHNIQUES—epidu- 


ral. 
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Spinal and epidural anesthesia produce an upper level 
of sensory block higher than the upper level of motor 
block (1,2). The difference between the levels is 1.8 
segments in tetracaine spinal anesthesia (1), 2.8 seg- 
ments in lidocaine spinal anesthesia, and 4.6 seg- 
ments in lidocaine epidural anesthesia (2). 

In the present study the upper levels of sensory 
and motor blockade were examined in 0.75% bupiv- 
acaine epidural anesthesia. As in studies with tetra- 
caine and lidocaine spinal anesthesia, and lidocaine 
epidural anesthesia, electromyography (3) was used 
to measure the upper level of motor blockade. Selec- 
tion of integrated surface electromyography (4) in this 
study enabled prolonged monitoring to take place. 
Onset and regression of blockade were examined over 
a minimum of four hours. 
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Methods 


Eighteen ASA status I or II patients undergoing lower 
abdominal or pelvic surgery under lumbar epidural 
anesthesia who had given their informed consent were 
included in this study. 

Four pairs of 5 mm diameter silver/silver chloride 
EEG electrodes were applied to the abdomen at the 
dermatomes T-6, T-8, T-10 and T-12. At each level one 
electrede was placed on the left and one on the right 
belly of the rectus abdominis muscle. The ground 
electrode (32 mm disc electrode with connecting wire 
phone tip, Serial 6008-1) was placed over the greater 
trochanter. Electrical contact between the skin and the 
electrodes was achieved using EEG jelly, and elec- 
trode position was secured using water-proof adhe- 
sive tape. 

The recording electrodes were connected to a TECA 
PA63 (TECA Corporation, Pleasantville, NY) EMG pre- 
amplifier. This is a D.C.-coupled differential amplifier 
which, when switched to the ‘common mode’, has 
an input impendence greater than 100 MQ per 30 pF 
and a signal rejection greater than 8000:1 at 60 ¢.p.s. 
The preamplified signal was then fed through a TECA 
AA6T EMG amplifier with the HF and LF filters (which 
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Figure 1. Case 1: Integrated EMG amplitude at T-12, T-10, T-8, and 
T-6 as a percentage of control. 


Figure 2. Case 1: Relationship between abdominal motor block, 
upper level of sensory block, and degree of lower limb motor block. 
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Figure 3. Case 2: Integrated EMG amplitude at T-12, T-10, T-8, and 
T-6 expressed as a percentage of control after lumbar epidural anes- 
thesia. 


Figure 4. Case 2: Relationship between abdominal motor block, 
upper level of sensory blockade, and lower limb motor blockade. 
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Figure 5. Case 3: Integrated EMG amplitude at T-12, T-10, T-8 and 


T-6 expressed as a percentage of control after lumbar epidural anes- 
thesia. 


both have an attenuation of 6 dB/octave) to exclude 
all but the 1,000-10,000 Hz band so that the signal 
could be monitored without significant interference 
due to surgical procedures and operating room equip- 
ment. The amplified EMG was rectified and inte- 
grated by a TECA l6 integrator. In this device the 
integrator is charged to a pre-set time-constant and 
the output reflects the mean voltage achieved, when 
the ‘Mean Voltage’ mode is used. We found that a 
time constant of 800 msec gave a smooth deflection 
during contraction of the abdominal muscles. 

Both the raw and integrated EMG were monitored 
on a Cole-Parmer 2-channel strip-recorder (Model 8373- 
20). The ECG appeared on the tracings but did not 
interfere with EMG recordings. Its presence was a 
useful indicator of the electrical integrity of the circuit 
(5). A control recording of rectus activity was made 
at each of the four dermatome levels during a stan- 
dardized head-raising test. This consisted of the pa- 
tient raising his head from the supine position until 
the forehead touched a 2.5 cm diameter ball posi- 
tioned 20 cm above the patient's nose for a full 5 sec. 

Lumbar epidural anesthesia was performed at the 
L2-3 interspace, with a 19-G spinal needle, by the 
“loss of resistance” technique, using 20 ml of 0.75% 
bupivacaine with 1:200,000 epinephrine. 

All patients received intravenous infusions of 5% 
dextrose in lactated Ringer's solution. The patients 
were monitored with blood pressure cuff, using 
Korotkoff sounds, ECG and precordial stethoscope. 
sedation was maintained at a level compatible with 
the patient’s ability to participate actively in the study 
with an IV infusion of 0.2% methohexital and/or 50% 
nitrous oxide in oxygen by mask as required. If deeper 
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Figure 9. Case 3: Relationship between abdominal motor block, 
the upper level of sensory blockade, and lower limb motor block- 
ade. 


sedation or general anesthesia was indicated, this was 
administered and no further motor or sensory mea- 
surements were made. 

Following completion of the block procedure, re- 
cordings of EMG activity at the four dermatome levels 
were made every 5 minutes during the head-raising 
test for 15 min, then every 15 min for 1 hr and there- 
after every 30 min until a minimum of 4 hours had 
elapsed. Simultaneous measurements were made of 
abdominal sensory block and lower limb motor block. 
The upper level of abdominal sensory block was taken 
to be the highest dermatome at which there was an- 
algesia to Allis forceps pinch. Testing was performed 
bilaterally along the anterior axillary line. If there was 
a discrepancy between the two sides, the lowermost 
level was taken as the level of sensory block. Lower 
limb motor block was measured according to the 
method of Bromage (6). Again, if a discrepancy ex- 
isted between the two sides, the lower score was taken 
as the degree of lower limb motor block. 

Abdominal motor block at a given dermatome level 
was recorded as the level at which the amplitude of 
the integrated EMG in response to head-raising was 
reduced to 20% or less of the baseline value. In this 
manner abdominal motor blockade could be recorded 
as ““T-5 or above”, T-8, T-10, T-12, or “below T-12”. 

The segmental differerice, expressed as derma- 
tomes, between upper motor and sensory block levels 
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was calculated over the 4-hr period. Differences be- 
tween the motor and sensory block levels were tested 
for significance using the Mann-Whitney U-Test. 

Linear regression analysis was performed to estab- 
lish whether, for practical terms, there was a linear 
relationship between the upper level of sensory block- 
ade and the upper dermatomal level of abdominal 
motor blockade, or between the upper level of motor 
blockade and degree of lower limb motor blockade. 

This study was approved by the Human Research 
Committee of the Virginia Mason Research Founda- 
tion. 


Results 


The mean age of the patients was 42.4 + 10.7 yr 
(sp), mean weight 64.1 + 11.8 kg and mean height 
159.3 + 7.4 cm. Two patients were male and 16 were 
female. 

The nature of the data from which our results are 
drawn is illustrated by three case examples which 
show poor motor block, moderate abdominal motor 
block and good abdominal motor block. 


Case 1: Poor Abdominal Motor Block 


Figure 1 shows the integrated EMG amplitude, ex- 
pressed as a percentage of control, at the four der- 
matome levels measured at intervals over a period of 
6 hours following lumbar epidural anesthesia in a 43- 
yr-old patient undergoing vaginal hysterectomy. 
Integrated EMG activity at the T-12 level was rap- 
idly abolished following administration of epidural 
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bupivacaine, but began to return after one hour. No 
block was apparent after 4 hr. At the T-10 level there 
was an initial increase in activity following epidural 
injection, but this rapidly declined. Complete motor 
blockade did not occur and regression of blockade 
began at 45 min. Transient reduction of the initial 
increased activity occurred between 10 and 45 min at 
the T-8 level. At the T-6 level, a marked increase in 
integrated EMG activity occurred during the period 
of motor block of the lower segments and this activity 
returned to control levels as function of the inferior 
segments recovered. 

Figure 2 of this patient shows the relationship be- 
tween abdominal motor block determined by this 
technique and the upper level of sensory block and 
lower limb block. A T-8 dermatomal level of lower 
abdominal sensory blockade is present from 40 min 
to 105 min. Complete lower limb block was never 
achieved but the maximal level occurred from 15 min 
to 4 hr. 


Case 2: Moderate Abdominal Motor Block 


Case 2 is a 46-yr-old patient who underwent recto- 
coele repair. As can be seen in Figure 3 motor block 
was more intense than in case 1 and complete block 
occurred at T-12 to T-6 20 minutes after performing 
the injection. However, despite initial intensity of this 
block, regression began at 1 hour and was complete 
by 3 hr. 

Figure 4 shows abdominal sensory block, abdom- 
inal motor block and lower limb motor block in Case 
2. The height of abdominal motor block is seen to 
have reached T-6 and the duration of blockade at the 


aot 


ABDOMINAL MOTOR BLOCK IN EPIDURAL ANESTHESIA 


Table 1. Time Relationship Between Motor and 
Sensory Blockade 
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Mean time to maximum abdominal 26-23 
sensory block 

Mean time to maximum abdominal 29 + 6 
motor block 

Mean time to maximum lower limb 30 a ae 
motor block 

Mean time to two-segment regression 94 + 18 
to abdominal motor block 

Mean time to two-segment regression POA 


of abdominal sensory block 
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Values are mean < SEM. 


individual recording levels is shown. Maximum mo- 
tor block ceased after 45 minutes whereas maximum 
sensory block persisted from 10 minutes to 3 hours. 
Complete lower limb block occurred in this case, but 
was only attained just before maximum motor block 
started to regress. Complete lower limb block was still 
present 5 hr after block procedure. This was the pat- 
tern of block most commonly encountered. 


Case 3: Intense Abdominal Motor Block 


In Case 3 a high and very intense block was achieved 
in a 53-yr-old patient undergoing oophorectomy. Fig- 
ure 5 shows complete block occurred at all four re- 
cording levels within 10 minutes with slow recovery 
beginning after 2.75 hr. Figure 6 shows the relation 
of the abdominal motor block pattern to the upper 
sensory block level and lower limb motor block. It can 
be seen that the sensory block level was very high 
and motor block was at T-6 or above for 3.5 hr, levels 
above T-6 not being recordable by the technique. In 
this example, lower limb motor block is only complete 
from 30 min to 1 hr after administering epidural bu- 
pivacaine. Thus, in this example, an intense abdom- 
inal motor blockade was not accompanied by com- 
plete lower limb motor blockade. 

The mean levels of abdominal motor block and up- 
per sensory block are shown in Figure 7 together with 
the mean Bromage scale scores for lower limb motor 
block. All but four patients developed complete motor 
block of the legs and regression was much slower than 
that of abdominal motor block. The time relationship 
between motor and sensory blockade are shown in 
Table 1. There was no significant difference in the 
time taken to develop maximum sensory block (28 + 
3.0 min.) and the time taken to develop maximum 
abdominal motor block (29 + 6.0 min.). Nor was there 
any significant difference in the times to 2 segment 
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Table 2. Upper Sensory Block Levels, Abdominal Motor 
Block Level and Motor-Sensory Differential 
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Level expressed as 
dermatomes 
Mean maximum abdominal T-8,8 + 0.5 
motor block level 
Mean maximum abdominal T-4.2 + 0.6 


senscry block level 
Abdominal motor-sensory 
differential (15 min—4 hr) 
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Values are mean > SEM. 
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LEVEL OF ABDOMINAL MOTOR BLOCKADE IN DERMATOMES 


Figure & Segmental relationship between the upper level of sen- 
sory blockade and abdominal motor blockade. 


regression (94 + 18 min for abdominal motor block 

and 150 + 18 min for abdominal sensory block). 
Tabie 2 shows that mean maximum sensory level 

achieved was T-4.2 + 0.6, which was higher than the 


5.5 segments between 30 min and 4 hr. At 4 hr, six 
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Lower Limb Moter Blockade (Bromage Scale) 


T12 T10 
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T12 


T8 
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CHAMBERLAIN AND CRAWFORD 


Figure 9. Relationship between lower limb motor 
blockade and abdominal motor blockade. 


Or Above 


Level Of Abdominal Motor Blockade In Dermatomes 


patients showed no regression of lower limb motor 
blockade and only one patient showed complete re- 
covery from lower limb blockade. 

Figure 8 and Figure 9 show the segmental rela- 
tionship between the sensory block level and degree 
of lower limb motor block with respect to abdominal 
motor block. All recordings are shown in these fig- 
ures. Linear regression analysis performed on the data 
reveals a highly significant relationship between the 
level of sensory blockade and level of motor blockade 
(r = 0.689). Correlation between lower limb motor 
blockade and abdominal motor blockade is poorer 
(r = 0.25). 


Discussion 

We have developed a method of objectively moni- 
toring abdominal motor blockade during surgery un- 
der lumbar epidural anesthesia. Fink (3) used the m- 
tramuscular electromyograph to monitor abdominal 
muscular activity during the administration of suc- 
cinylcholine in patients undergoing general anes- 
thesia. The development of surface integrated elec- 
tromyography (4) has meant that muscular activity 
can now be monitored non-invasively. 

The method of determining the dermatomal level 
of abdominal motor blockade which we have de- 
scribed has certain limitations. In order to perform 
the standardized head-raising test the patient has to 
be awake and cooperative. In addition, one or more 


surface electrodes may have to be removed tempo- 
rarily or permanently if they encroach on the surgical 
field. If a self-retaining retractor is not used and the 
head-raising test is performed when abdominal motor 
blockace is poor or absent, tightening of the abdom- 
inal muscles will interfere with surgery. Motor block- 
ade above the T-6 dermatome level or below the 
T-12 lewel cannot be assessed by this method. 

Using this technique, this study demonstrates that 
0.75% bupivacaine with 1:200,000 epinephrine ad- 
ministered via the lumbar epidural route produces a 
motor-sensory differential of 5.2 + 0.2 segments. This 
finding is very similar to the motor-sensory differ- 
ential of 4.6 segments that Freund et al. found using 
15-25 ml of 2% lidocaine with 1:200,000 epinephrine 
(2}. The onset, extent and regression of motor block- 
ade are shown to be more closely related to the onset, 
extent and regression of sensory blockade than to 
lower Lmb motor blockade. We therefore conclude 
that if the motor-sensory differential for a given local 
anesthetic solution has been established, the der- 
matomal extent of sensory blockade provides a more 
reliable indication of the state of motor blockade than 
does determination of lower limb motor block. 
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The hemodynamic response to anesthesia with the aqueous 
emulsion formulation of propofol was studied in heal thy 
patients (ASA I or ID, aged 39-37 yr, premedicated with 
morphine, 0.15 mgikg. Anesthesia was induced in all pa- 
tients with propofol, 2 mg/kg. Subsequently, patients were 
randomly assigned to two groups and maintained by a 
continuous intravenous infusion (group 1 received 34 
peke min |, group 2 received 108 peke Gut |) to 
supplement 67% nitrous oxide. Three minutes after indec- 
tion, systolic arterial pressure (SAP) decreased 28% (P < 
0.01) and was associated with decreased (~~ 12%) cardiac 
output (Qo) and decreased (~ 15%) systemic vascular re- 
sistance (SVR). The hemodynamic response to tracheal in- 
tubation was not obtunded, but peak values of arterial pres- 





sures and heart rate did not exceed those recorded awake. 
Thirty minutes elapsed before repeating measurements prior 


to the first surgical incision. In group 1, SAP and On 
decreased to 65% and 68% of awake values and in group 


persisted for the duration of spontaneous ventilation and 
was not reduced by the stimulus of surgery, which caused 
no signiftcant hemodynamic responses in either group. De- 
creasing arterial PCO, to the awake value by controlled ven- 
tilation increased SVR (P < 0.05), but Hie associated in- 
creased SAP and decreased en did not reach statistical 
significance. No patient reported awareness. The infusion 
of the emulsion formulation of propofol was associa ted with 
satisfactory anesthesia and recovery and with hemodynamic 
effects similar to those recorded with other intravenous an- 
estnetics. 


Key Words: ANESTHETICS, INTRAVENOUS—propo- 
fol INDUCTION, anesrHeTic—propofol. 








Propofol (2,6 diisopropyl phenol) is a short-acting in- 
travenous anesthetic. The pharmacokinetic profile of 
the original formulation (1-3), which used Cremo- 
phor EL as the solubilizing agent, suggested that it 
might be suitable for continuous infusion anesthesia. 
This suggestion was substantiated (4). Hemodynamic 
values were found to be similar to those recorded 
during infusion of other intravenous anesthetics un- 
der comparable conditions (5). To obviate problems 
associated with Cremophor EL, propofol has been 
reformulated as an aqueous emulsion (1% propofol, 
10% soya bean oil, 2.25% glycerol, and 1.2% egg phos- 
phatide). The dose required for the induction of anes- 
thesia in unpremedicated patients is 20% greater than 
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for the original formulation (6). The demonstration of 
altered pharmacodynamics indicated the need for 
studies to determine whether the emulsion formu- 
lation of propofol would also be suitable for infusion. 
Preliminary studies of the emulsion formulation (7,8) 
have shown the EDs, to be 53.5 xg-kg min `} to pre- 
vent movement in response to surgical incision in 
patients premedicated with morphine and breathing 
67% nitrous oxide. 

We have studied hemodynamic responses to the 
induction of anesthesia with the emulsion formula- 
tion of propofol and subsequent responses during 
surgery in otherwise healthy patients anesthetized 
with nitrous oxide supplemented by an infusion 
of propofol at either 54 pg-kg” imin“? or 108 
gkg min |. Patients were studied during both 
spontaneous and controlled ventilation. 


Metheds 


The study was approved by the Committee on Safety 
of Medicines and the Bristol Health District Ethics 
Committee. Having been given a careful explanation 
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a mean age (+SD) of 47.7 + 7.7 yr, and group 2 
consisted of four men and four women having a mean 
age (+SD) of 47.3 + 5.6 yr. 

All patients were premedicated with intramuscular 
morphine sulfate, 0.15 mg/kg, 1 hr before the study 
began. Intravascular access was established under lo- 
cal anesthesia with a 16-gauge cannula in a vein on 
the dorsum of the hand or wrist, an 18-gauge Teflon 
cannula in a brachial artery, and a 70-cm catheter 
(Drumcath, Abbott Laboratories) advanced from a 
cubital vein to the right atrium, as assessed by pres- 
sure waveform monitoring. Propofol was given through 
the peripheral venous cannula; no other drugs were 
given by this route. The arterial and central venous 
catheters were connected to Gould-Statlam P23la 
transducers and their outputs amplified by Hewlett- 
Packard 78205 modules and recorded on an ink-jet 
recorder (Siemens-Elema EM81). The electrocardio- 
gram was recorded from three leads in the CM5 con- 
figuration. Intermittent measurement of cardiac out- 
put was made by the indocyanine green dye dilution 
method (9), and standard formulas were used to de- 
rive stroke volume and systemic vascular resistance 
(SVR). Values for cardiac output (Q+) and stroke vol- 
ume (SV-,) were standardized for 70 kg body weight. 
Immediately after each cardiac output measurement, 
arterial blood samples were taken for determination 
of PCOz, Poz, and pH using an ABL3 blood gas ana- 
lyzer (Radiometer, Copenhagen). End-tidal carbon 
dioxide was measured continuously during anes- 
thesia (Gould Capnograph Mk H). 

After insertion of the catheters, time sufficient to 
assure hemodynamic stability was allowed to pass 
before awake values were recorded. Anesthesia was 
then induced by an injection of propofol, 2 mg/kg, 
lasting 20 sec. A continuous infusion of propofol, de- 
livered by calibrated syringe pump (Vickers Treonic 
IP3), was started immediately at either 54 ugkg ‘min! 
(group 1) or 108 ugkg ‘min ’ (group 2). The rate 
remained unaltered throughout the study and no sup- 
plementary doses were given to any patient. The oc- 
currence and duration of apnea were recorded. Pa- 
tients breathed nitrous oxide, 67%, in oxygen from a 
Mapleson A system connected to a face mask. The 
fresh gas ratio was constant throughout the study. 
The ECG, heart rate (HR), systolic arterial pressure 
(SAP), diastolic arterial pressure (DAP), and central 
venous pressure (CVP) were recorded continuously. 
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Cardiac output was remeasured 3 min after the in- 
duction dose of propofol had been given. Samples of 
arterial blood (2 ml) were taken at intervals through- 
out the study for measurement of whole blood pro- 
pofol concentration by high pressure liquid chroma- 
tography with fluorescence detection, in a modification 
of the method of Adam et al. (10). 

Succinylcholine, 1 mg/kg, was given through the 
central venous catheter 9 min after induction. The 
trachea was intubated with a tube that had been gen- 
erously lubricated with 5% lidocaine ointment. The 
maximum hemodynamic response to intubation was 
recorded. A short period of controlled ventilation was 
subsequently required pending the resumption of 
spontaneous breathing. The next cardiac output mea- 
surements (SVNS) were made 30 min after the in- 
ductien of anesthesia, but before surgery, with the 
patienti undisturbed and breathing spontaneously. 

Responses to the initial surgical incision were re- 
corded and, if the patient did not move, cardiac out- 
put was measured 15 min later (SVS). Intermittent 
positive pressure ventilation (IPPV) was then estab- 
lished using a Penlon-Oxford ventilator situated in a 
circle system without a carbon dioxide absorber (11). 
The ventilator was adjusted to deliver a tidal volume 
12-15 ml/kg at a frequency of 12 breaths per minute. 
In five patients (group 1, n = 4; group 2, n = 1) 
succinyicholine 0.3 mg/kg was required to achieve the 
transition to IPPV. The fresh gas flow was adjusted 
to maintain the end-tidal CO; at 4.8—5.4%. 

If the patient moved in response to the initial in- 
cision égroup 1, n = 3; group 2, n = 1), the surgeon 
was asked to stop surgery for 1 min. If movements 
persisted on the resumption of surgery (group 1, 
n = 3} the SVS measurements were made immedi- 
ately, a supplementary dose of succinylcholine was 
given and IPPV established. The final measurement 
of cardiac output was made, in all patients, when 
ventilation had been controlled for 30 min (IPPVS). 

During the final stages of the operation, sponta- 
neous: ventilation was encouraged by reducing the 
fresh gas flow and allowing the end-tidal CO, to reach 
6.5%. At the conclusion of surgery, the propofol in- 
fusion: and nitrous oxide were discontinued simul- 
taneously, the trachea was extubated and the patient 
allowed to breathe oxygen-enriched air from a face 
mask. The times were recorded from the discontin- 
uation of the anesthetic to 1) the first response to 
command (“open your eyes”) and 2) recall of birth- 
date. The vein used for the administration of propofol 
was examined for signs of phlebitis and/or thrombosis 
immeciately after surgery and again 24 hr later. Pa- 
tients were questioned about their experience during 
induction, maintenance and recovery with specific at- 
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Table 1. Anesthetic Details of Patients Receiving 
Propofol by Infusion 


Group 1 Group 2 
(n = 9) (n = 3) 
Apnea on induction’ 62.9 + 18.3 71.0 20.7 
(sec) 
Movement in response to n= 3 n= | 
surgery 
Movement in response to n= 4 n= | 
LPRY 
Duration of anesthesia“ 27 275 1270. & 3501 
(min) 
Total dose propofol’ (mg) 717.4 + 194.2 1086.8 + 459.8 
Recovery times from 
the end of infusion 
(min) 
To eyes open’ 4.51 (2-11) 5,86 (4-14) 
To recall of birthdate” 9.75 (5-19) 13.33 (9-23) 


a tn ne EN ATLL NET RA AACE AA A at 





‘Mean = Sb. 
"Median and range. 


tention to the possibility of awareness. Blood loss did 
not exceed 150 ml in any patient, and insensible fluid 
losses were not replaced. 

The data were analyzed for normality of distribu- 
tion. Mann-Whitney U-tests, repeated measures 
analysis of variance and paired t-tests with correction 
for the Bonferroni inequality (12,13), and correlation 
analysis were used where appropriate. The recovery 
times were found to be skewed and analysis was per- 
formed on log-transformed data. Results are given as 
mean + SD except where specified. 


Results 


Patients in the two groups were similar with respect 
to age and weight (Mann-Whitney U-tests: P > 0.05). 
Discomfort in the arm was reported, at the time of 
induction, by five patients (30%) and was variously 
described as a cold sensation, tingling, warmth, or 
severe burning. Induction of anesthesia was satisfac- 
tory in all patients after the injection of propofol, 
2 mg/kg, although transient apnea occurred in every 
patient (Table 1). 


Induction and Early Maintenance of Anesthesia 


Awake hemodynamic values were similar in the two 
groups (P > 0.05). Figure 1 and Table 2 show the 
hemodynamic responses recorded during the study. 
There was a rapid change in arterial blood pressure: 
1 min after the induction of anesthesia, SAP had de- 
creased to 72% of the awake value in both groups 
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Figure 1. Hemodynamic response to induction of anesthesia with 
prepotol 2 mg/kg and to the subsequent maintenance with an in- 
fusion of propofol at 54 or 108 zg-kg Smin “| to supplement nitrous 
oxide (67%) anesthesia. Values shown were recorded during the 
first 3 min of anesthesia, before laryngoscopy (at 9 min) and after 
endotracheal intubation (peak response). 


(P < 0.01) and DAP to 79% in group 1 (P < 0.05) but 
to only 88% in group 2 (not significant). Although the 
changes of arterial pressure persisted during the in- 
duction sequence there were no significant changes 
of Qo, SV HR, or SVR in either group. All patients 
were temporarily apneic after the induction of anes- 
thesia (Table 1) and, compared to awake values, the 
arterial Pco. of both groups was persistently in- 
creased to over 50 mm Hg during spontaneous ven- 
tilation (P < 0.001). Systolic arterial pressure, diastolic 
arterial pressure, and heart rate increased in both 
groups (P < 0.001) at the time of tracheal intubation 
(9 min), but did not significantly exceed preoperative 
values (Fig. 1). 


Maintenance Anesthesia and Surgery 


The duration of infusion and total dose of propofol 
are shown in Table 2. The hemodynamic response to 
laryngoscopy was transient and 30 min after induc- 
tion, with the patients unstimulated and breathing, 
spontaneously (SVNS), a clinically stable level of 
anesthesia had been attained. In group 1, SAP and 
DAP at SVNS did not differ significantly from 3-min 


Table 2. Hemodynamic Changes Associated. with Induction and Maintenance of Anesthesia - 


_ SVNS SVS IPPVS 


Awake 3 min 


Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 


Systolic arterial pressure 136.9 + 25.4 141.0 + 18.8 103.8" +30.8 96.3° + 18.7 89.0°+ 16.3 77:3° + 13.9 98.0? + 19.9 87.1° + 17.7 109.4 + 33.7 90.9% + 19.8 

















(mm Hg) 

Diastolic arterial pressure 68.6 + 11.3 - 63.5 + 8.7 96.7 + 13.6 53.0 + 13.2 49.0 + 10.2 41.4° +7.17 53.8" + 11.4 51.8°+11.5 61.0 + 15.0 53.5 +101 
(mm Hg): l ; 

Heart rate 69.7 + 11.0 67.4 + 9.2 77.0 + 14.4 68.8 + 5.9 60.7 + 8.2 62.8 + 6.0 61.7 + 7.3 64.5 + 8.4 59.9 + 5.6 62.1 + 11.1 
(beat/min) 

Central venous pressure 5.3 + 3.8 4.7 + 3.1 6.3 + 3.3 4.1 + 2.9 7.9 + 4.8 4.2 + 4.0 Lr 26 4.6 + 4.0 7.2 1 3.6 4.8 + 2.8 
(mm Hg) 

Cardiac output 6.83 + 2.60 7.05 + 1.94 6.08 + 2.31 6.08 + 1.59 4.66" + 1.48 5.19 + 1.78 4.37? + 1.16 4.785 + 1.08 3.57° + 0.89 3.73: + 0.99 
(Lemin~ *-70kg~") 

Stroke volume 95.6 + 23.9 101.5 + 20.3 78.1 + 21.7 88.1 + 19.7 77.3 + 18.7 81.8 + 21.9 69.4°+ 16.9 74.8" + 16.0 63.4> + 222 60.1 + 12.7 
(ml/70 kg) 

Systemic vascular 937 + 262 1063 + 286 805 + 235 879 + 195 830 + 189 840 + 153 993 + 285 1027 + 221 1391° + 406. 1381° + 180 
resistance 
(dyn-s-cm ~*) 

Arterial Pco, 39.4 + 4.5 393.3 + 3.1 50.7% +32 47.9 + 5.3 52.8°+5.9 52.454 8.2 53.4°+66 5235+ 8.9 41.0 + 3.2 38.4 + 5.3 
(mm Hg) 

Whole blood propofol 0 0 — — 2.03 + 0.24 4.16 + 0.74 2.13 + 0.32 4.14 + 0.51 2.17 += 0.26 4.33 + 0.58 


(ug/ml) 
— gan) I I III I a o ee 
All values are mean + sp (paired t-test). 


Abbreviations: SVNS, 30 min after induction with spontaneous ventilation; SVS, during surgery with spontaneous ventilation; IPPVS, during surgery with controlled 
ventilation. . 

Induction, propofol 2 mg/kg. 

Maintenance, propofol infusion to supplement nitrous ode; 67%. 

‘P < 0.05, compared to awake value. 

*P < 0.01, compared to awake value. 

“P < 0.001, compared to awake value. 
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values, and were, respectively, 65% and 71% of the 
values recorded with the patient awake (P < 0.001). 
However, in group 2, the decreases of SAP and DAP 
from 3 min to SVNS were significant (P < 0.01), and 
the values were 55% and 65%, respectively, of those 
recorded awake (P < 0.001). Cardiac output (Q7) de- 
creased significantly (P < 0.05) in group 1 but not in 
group 2, and the concomitant changes of SV» and 
SVR were not significant in either group. Arterial Pcoz 
remained above awake values in both groups (P < 
0.001). No patient was hypoxemic at any stage. 

The three patients in group 1 who had responded 
to the first surgical incision continued to do so when 
the surgeon resumed stimulation after pausing for | 
min. The SVS measurements in these patients were 
made within 5 min of the first incision. The one pa- 
tient in group 2 that had responded settled sponta- 
neously and all the SVS measurements in that group 
were made 15 min after the first incision. The sub- 
sequent decreases below SVNS levels of Ò- and SVs 
and the increases in SAP, DAP, HR, and SVR asso- 
ciated with surgery (SVS) did not reach statistical sig- 
nificance in either group (P > 0.05). However, in both 
groups at SVNS the change from awake values of Òm 
and SV, but not SVR, was significant (P < 0.05). 
Arterial Pco, did not decrease in response to the sur- 
gical stimulus. In both groups the introduction of pos- 
itive pressure ventilation during surgery (IPPVS) was 
associated with a decrease of arterial PCO, to the awake 
value and an increase in SVR, compared to the SVS 
stage (P < 0.01). Despite these changes, the differ- 
ences in SAP, DAP, Òm, and SV recorded between 
SVS and IPPVS did not reach statistical significance 
in either group. The hemodynamic and arterial PCO, 
values were not significantly different between groups 
(ANOVA). 

Whole blood propofol concentrations during the 
three stages SVNS, SVS, and IPPVS are shown in 
Table 2. Assuming steady state pharmacokinetic con- 
ditions at the times that these measurements were 
made, one can derive mean values for the clearance 


21.1-37.7 min). 

There was no correlation between the total dose of 
propofol given and the log-transformed recovery times, 
although group 1 values for the former were less than 
those for group 2 (P < 0.01). No evidence of venous 
thrombosis or phlebitis was discovered in any patient 
within 24 hr of the infusion of propofol. None of the 
patients, including those who had moved in response 
to the first incision or the introduction of IPPV, had 
any recall of these events or suggestion of awareness 
during the procedure. 
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Discussion 


The study shows that the emulsion formulation of 
propofol is suitable for induction of anesthesia and 
for maintenance of anesthesia when given by contin- 
uous infusion to supplement nitrous oxide (67%). The 


comparison of the response to intravenous infusions 
of different anesthetics an EDso, the minimum infu- 
sion rate (MIR), was introduced (14). It is the corollary 
of minimum alveolar concentration (MAC) for inha- 
lational anesthetics (15,16). 

The efficacy defined by both MAC and MIR is the 
same: the dose required to prevent movement to sur- 
gical incision in 50% of patients. It is therefore justi- 
fiable to make comparisons of equipotent doses of 
these two types of anesthetics (5). An important 
premise is that a steady pharmacologic state has been 
achieved. This occurs more rapidly with inhalational 
than with intravenous anesthetics. The inhalation of 
a volatile anesthetic in multiples of MAC correlates 
with proportional increments in blood concentration 
within a short time whereas, for example, doubling 
the infusion rate of an intravenous anesthetic does 
not immediately result in a doubling of blood con- 
centration. The relationships between the whole blood 
propofol concentrations in the two groups of patients 
in the present study and the fact that the derived 
values for clearance (approximately 1.8 L/min) were 
similar to those derived from single-dose elimination 
studies (17,18) implies that we had achieved a near 
steady state of infusion by the time the measurements 
at the three later stages (SVNS, SVS, and IPPVS) were 
made. The detailed pharmacokinetic results derived 
from the present study of the emulsion formulation 
(Prys-Roberts, Cockshott, and Douglas, unpublished 
observations) confirm that blood propofol concentra- 
tions achieved after 30 min infusion were within 10-15% 
of those subsequently achieved during further pe- 
riods of anesthesia (stages SVNS, SVS, IPPVS). The 
ED. infusion rate for an intravenous anesthetic pro- 
vides a logical and useful starting point for the in- 
vestigation and comparison of hemodynamic and other 
effects of intravenous anesthetics (5). 

Factors other than the rate of infusion influence the 
EDs 9. These include premedication, the nitrous oxide 
concentration of the inspired gas, and patient age (19). 
Comparisons using the EDs, (MIR) concept have been 
made previously for Althesin (20), minaxolone (21), 
methohexital (22), and the Cremophor EL formulation 
of propofol (4). 

Despite the fact that the dose required for induction 
of anesthesia is greater for the emulsion than for the 
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can be explained by the distribution of active drug 
being similar for both formulations at what ap- 
proaches a steady state. 

As the program for the present study was similar 
to that used to investigate the infusions of other in- 
travenous anesthetics, it is possible to make compar- 
isons between them. In particular, it is interesting to 
compare the two different formulations of propofol 
(4) and methohexital (22), the only other currently 
available intravenous anesthetic suitable for use by 
infusion. From similar awake values (all studies), the 
decrease in SAP associated with the infusion of the 
emulsion formulation of propofol was greater than 
with the Cremophor EL formulation or methohexital 
(P < 0.05, unpaired t-tests) at all stages (3 min, SVNS, 
SVS, IPPVS). However, Ò- decreased to similar val- 
ues for the three drugs at all stages. Heart rates during 
the infusion of the emulsion formulation of propofol 
were less (P < 0.05) at all stages than those during 
infusion of the Cremophor EL formulation, and in 
particular, heart rate did not increase with the first 
incision in patients receiving the emulsion as it had 
with the Cremophor EL formulation. The ventilatory 
depression caused by the three drugs is similar. An 
EDs, infusion of methohexital did not prevent a marked 
hemodynamic response to laryngoscopy and tracheal 
intubation (22), whereas both formulations of pro- 
pofol partially obtunded the response to the extent 
that peak values were not significantly different from 
those recorded awake. 

In view of the EDs of the emulsion formulation of 
propofol (8), it was not surprising that three of the 
nine patients receiving propofol, 54 ugkg ‘min ?, 
in the present study responded to the surgical inci- 
sion, 30 min after induction. Anesthesia was more 
easily maintained with propofol, 108 ugkg ` min` |; 
the patient who responded to incision and the intro- 
duction of IPPV subsequently settled satisfactorily. 


of propofol is 112.2 ugkg`'-min `! (8), and the hemo- 
dynamic consequences of increasing the rate of in- 
fusion of intravenous anesthetics are not so great as 
those of similar increments of volatile anesthetics (5). 
However, particular caution is necessary in patients 
with coronary artery disease (23). Also, the effects of 
other drugs, such as opioids, can significantly influ- 
ence the response to continuous infusion anesthesia. 
The administration of fentanyl to patients receiving 
an infusion of the Cremophor EL formulation alters 
the pharmacokinetics of propofol (Prys-Roberts and 
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Adam, unpublished observations) and further work 
with the emulsion formulation of propofol given with 
fentanyl is necessary. 

A noticeable feature in both groups in the present 
study was the rapid recovery, Many patients re- 
marked on their “clear-headedness”’ prior to return- 
ing from the recovery room to the general ward. The 
infusion of propofol was not associated with any ad- 
verse side effects. 

The emulsion formulation of propofol provides a 
useful addition to the small number of intravenous 
anesthetics that are suitable for use by continuous 
infusion. It has the advantage that, unlike the bar- 
biturates, prolonged recovery is not a feature of its 
use. Further investigation of the emulsion formula- 
tion of propofol, particularly its use by computer- 
controlled infusion, should be undertaken when its 
pharmacokinetic profile has been fully established. It 
should be possible to decrease the time required to 
achieve a steady state by BET infusion (24), which 
minimizes the peak initial effect caused by an induc- 
tion dose and avoids the after-fall that occurs before 
a fixed rate infusion has achieved the desired blood 
concentration. 
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ABBOUD TK, DERSARKISSIAN L, TERRASI J, 
MURAKAWA K, ZHU J, LONGHITANO M. Comparative 
maternal, fetal, and neonatal effects of chloroprocaine 
with and without epinephrine for epidural anesthesia in 
obstetrics. Anesth Analg 1987;66:71~5. 


The effects of epidural chloroprocaine with and without 
1:200,000 epinephrine during labor and delivery on uterine 
activity, progress of labor, fetal heart rate, maternal blood 
pressure, newborn Apgar scores, neonatal acid-base status, 
and the Neurologic and Adaptive Capacity Scoring System 
(NACS) were compared tn 28 parturients. Patients in group 
I (n = 14) received 2% chloreprocaine with 1:200,000 epi- 
nephrine and patients in group I] (n = 14) received 2% 
plain chloroprocaine. Addition of epinephrine to chloropro- 


caine kad no significant effects on uterine activity, duration 
of first or second stages of labor, or fetal heart parameters. 
Apgar scores, neonatal acid-base status, and the NACS 
were eeuaily good in the two groups. Duration of analgesia 
was significantly longer in group I than in group I patients 
(76 + 3.8 vs 42.9 + 1 min, P < 0.001). We conclude 
that acdition of epinephrine to chloroprocaine during epi- 
dural enesthesia in the normal parturient has no adverse 
effects on mother, fetus, neonate, or the progress of labor 
and that tt significantly prolongs the duration of anesthesia. 


Key Words: ANESTHESIA—obstetrics. ANES- 
THETIC TECHNIQUES—epidural. LOCAL ANES- 
THET: C—chloroprocaine. 








The addition of epinephrine to local anesthetics 
(5 ug/ml) decreases vascular absorption of local an- 
esthetics (1-4) and improves the quality and the du- 
ration of anesthesia (5-7). However, its use for epi- 
dural anesthesia in obstetrics remains controversial, 
mainly due to the possible adverse effects of epi- 
nephrine on uterine activity, uterine blood flow, and 
maternal and fetal cardiovascular parameters. 

We have recently reported that the addition of epi- 
nephrine to lidocaine (8) or bupivacaine (9) signifi- 

cantly prolonged the duration of epidural anesthesia 
during labor without adversely affecting the mother 
or the neonate. 

The present study was undertaken to determine 
the effects on the mother, the fetus, and the neonate 
of epinephrine added to chloroprocaine during epi- 
dural analgesia. 
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Materials and Methods 


Twenty-eight parturients at term with no obstetric or 
medical complications who elected to have epidural 
anesthesia for labor and delivery were studied. The 
study was approved by the Committee on Human 
Experimentation, and informed consent was obtained 
from all patients. All patients had ruptured mem- 
branes. Utilizing a Corometric 112 fetal monitor, uter- 
ine activity was monitored with a transcervical intra- 
uterine catheter, and fetal heart rate (FHR) was directly 
monitored with a scalp electrode. Before induction of 
epidural anesthesia, all fetuses had normal FHR pat- 
terns. 

With patients in the left lateral decubitus position, 
epidural catheters were placed at L3—-4 interspace and 
advanced 2 cm cephalad. Patients were kept in the 
lateral position and were encouraged to remain in the 
same position throughout the study. All patients were 
given 500 ml of 5% dextrose in lactated Ringer's so- 
lution and, after measurement of FHR, uterine activ- 
ity, maternal blood pressure and heart rate for 30 min, 
patients were randomly given one of two local an- 
esthetic solutions. 

Patients in group I (n = 14) received 2% chloro- 
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Table 1. Patient Data 


ee renee ea 





Chlioroprocaine with 
epinephrine Chloroprocaine alone 
(group [, n = 14) (group IL n = 14) 





Maternal age“ (yr) 213 09 24.7 + 1.6 
Maternal weight’ (kg) 673 2.7 74.7 + 2 
Maternal height" (cm) 156.4 + 0.7 161.38 2 
Parity 
Primiparous 9 7 
Multiparous J Z 
Gestational age" 40.1 + 0.5 38.8 + 0.4 
(wk) 
Infant weight’ (gm) 3408.8 + 132 3281.3 + 133 





Values are mean +$ SEM. 
PP << 8.05 using Student's fest. 


procaine with 1:200,000 epinephrine, those in group 
II (m = 14) received 2% chloroprocaine alone. If, 5 
min after a test dose of 3 ml of local anesthetic was 
injected, there was no evidence of subarachnoid in- 
jection, the remainder of the local anesthetic was in- 
jected. The dose was chosen to provide analgesia to 
a level of T-10. 

Local anesthetic was reinjected as clinically indi- 
cated and observations continued until delivery of the 
infant. Duration of analgesia after each loading dose 
of the local anesthetic was defined as the time from 
onset of pain relief until the time of onset of discom- 
fort. The overall quality of analgesia was evaluated 
using our routine scale ranging from 0 for no pain 
relief to 4+, representing excellent analgesia. 

Maternal hypotension was considered to be pres- 
ent whenever systolic blood pressure decreased more 
than 30 torr or to less than 100 torr. Hypotension was 
corrected by increasing the rate of intravenous fluid 
infusion and by intravenous administration of ephed- 
rine. Duration of first and second stages of labor and 
the mode of delivery were noted. 

Neonates were evaluated by Apgar scores at 1 and 
5 min, by umbilical venous and arterial blood acid 
base status, and by the Neurologic and Adaptive Ca- 
pacity Scoring System (NACS) 15 min, 2 hr, and 24 
hr after birth, according to a previously described pro- 
tocol (10). Apgar scores were assigned by pediatri- 
cians who were unaware of the local anesthetic ad- 
ministered. The NACS examination was performed 
by a trained anesthesia research fellow. The NACS 
gives a numerical score, with a maximum of 40. Ar- 
bitrarily choosing 35-40 as the score denoting a vig- 
orous baby (9), we determined the percentages of 
infants scoring 35 or higher and compared these in 
each group at 15 min, 2 hr, and 24 hr after birth. We 
also determined the percentage of infants having high 
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Table 2. Clinical Data 


Chioroprocaine with 
epinephrine 
(group L n = 14) 


Chloroprocaine alone 
(group lI, n = 14) 








Total amount of 497.4 + 80 588.9 + 114 


drug’ (mg) 


Number of patients 0 0 
with hypotension 

Duration of 
Block (min) 76.4 £ 3.8" 42.9 21 
First stage (min) 295.8 + 44 444.6 + 106 
Second stage 61.4 + 7 67.6 + 17 
(min) 

Mode of delivery 
Spontaneous 1] il 
Forceps 0 l 
Cesarean 3 3 


annerri anre a araa eaan 


“Values are mean + SEM. 


scores on each of the individual test items. Persons 
who evaluated FHR patterns, uterine activity, and the 
neonate were unaware of the local anesthetic admin- 
istered. 

Data were analyzed for statistical significance using 
Student's t-test and y*-analyses when appropriate. A 
P value of less than 0.05 was considered statistically 
significant. 


Results 


Data on maternal age, weight, height, parity, infant’s 
gestational age, and weight are summarized in Table 
1. There were no significant differences between the 
two groups with the unimportant exception that ges- 
tational age was slightly higher in group | compared 
to group II. 


Effects en the Mother 


Clinical results are shown in Table 2. None of the 
patients in either group developed hypotension. The 
quality ef analgesia was either 3+ or 4+ inall patients 
in both groups. Duration of analgesia was signifi- 
cantly longer in group I patients than in group H 
patients (P < 0.001). Duration of first and second 
stages of labor as well as the mode of delivery did 
not differ significantly in the two groups of patients. 


Effects an Uterine Activity and Fetal Heart Rate 

Uterine activity as measured by Montevideo units did 
not change significantly in the two groups (Fig. 1). 
Montevideo unit is defined as the product of the av- 
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Table 3. Acid-Base and Blood Gas Data 
Chloroprocaine with 
epinephrine 
(group L n = 14) 





Chloroprocaine alone 
(group H, n = 14) 


Umbilical vein 


Number 12 8 

pH 7.0 & 002 7.396 + 0.02 
Po (torr) 29,9222 154 26.88 + 3.20 
Pco, (torr) 39.67 + 2.56 38.38 + 1.76 
Base excess (mEq/L)  ~—6.08 + 0.53 —5.63 + 0.78 

Umbilical artery 

Number 12 8 

pH Lado OZ 7:29 0.02 
Pos 23.25 + 1.69 20.75 + 2.42 
Pco: 44.17 + 2.61 43.38 + 2.81 
Base excess (mEq/L) —6.42 + 0.74 ~5,75 + 0.84 





Values are mean + SEM; no significant difference between groups as 
determined by Student’s t-test. 


erage amplitude of uterine contraction (in mm Hg) 
multiplied by the number of contractions in 10 min. 
None of the fetuses in either group had any significant 
abnormal heart rate patterns as defined by Kubli et 
al. (11). 


Effects on the Newborn 


All neonates were vigorous at 5 min. Two neonates 
in group I had low 1-min Apgar scores of 4 and 6. 
One neonate in group II had a score of 6. These in- 
cidences were not significantly different. 
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Table 4. Percentage of NACS Scores of 35-40 for Infants 
Whose Mothers Received Chloroprocaine with 
Epinephrine (Group I) and for those Whose Mothers 
Received Plain Chloroprocaine (Group ID) 


2 hr 24 hr 








Group | 
(n = i4) 


Group II Group | Group II 
(n = 10) (n = 14) (n = 10) 


86 80 93 90 





No significant differences between groups by y*-test. 


Umbilical Artery and Vein Blood Acid—Base Status 


Umbilical arterial and venous acid—base status was 
within normal limits in the two groups (Table 3). 


Neurologic and Adaptive Capacity Scores 


The NACS scores of the two groups of neonates are 
presented in Table 4. The NACS was determined only 
in babies whose mothers had normal spontaneous or 
low forceps deliveries. There were no significant dif- 
ferences between the two groups in test scores for 


any test item on the NACS. The percentage of infants 


who scored 35-40 on the NACS was not significantly 
different between the two groups. 


Discussion 


Epidural anesthesia during labor using lidocaine with 
epinephrine (8) or bupivacaine with epinephrine (9) 
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has been shown to be safe for both mother and neo- 
nate. However, to date there has not been a detailed 
comparative study to evaluate the effects of epidural 
chloroprocaine with and without epinephrine on the 
forces of labor, duration of the first and second stages 
of labor and the mode of delivery. Findings from our 
study demonstrate that addition of epinephrine to 
chloroprocaine does not decrease uterine activity, 
prolong the first or the second stages of labor, or 
increase the incidence of instrumental deliveries. The 
present findings contradict findings reported by oth- 
ers. In 1925 Rucker (12), for example, found that cau- 
dal anesthesia using local anesthetics with epineph- 
rine (330 ug) decreased or abolished uterine activity, 
whereas there was no effect on labor when the epi- 
nephrine was omitted. Similarly, Gunther and Bau- 
man (13) and Gunther and Bellville (14) showed that 
during continuous caudal anesthesia the first stage of 
labor was longer in parturients receiving solutions of 
lidocaine or mepivacaine with epinephrine (100-125 
ug) than in patients given these solutions without 
epinephrine. Intramuscular (200-550 ug) (15) as well 
as intravenous (2.5-5 wg) (16) epinephrine has also 
been shown to diminish uterine activity. Recently, 
various studies of the effects of lidocaine with and 
without 1:200,000 epinephrine on the forces of labor 
demonstrated a transient decrease in uterine activity 
in the groups receiving epinephrine (17-19). The rel- 
atively small dose of epinephrine used in our study 
(40 ug) might have been a factor accounting for the 
observed difference in the results of our study and 
those reported in other studies. Bromage (20) has also 
suggested that uterine activity is not likely to be de- 
pressed to a significant degree if volumes of anesthetic 
solutions injected into the epidural space are re- 
stricted to a minimum of 4-6 ml and epinephrine 
concentrations do not exceed 1:200,000 (30 wg) total 
dose. ) 

Another important finding of our study is the lack 
of adverse effects of epinephrine on the neonate as 
determined by Apgar scores, fetal acid base status, 
and the NACS. There seems to be uncertainty con- 
cerning the effect of absorbed epinephrine on uterine 
blood flow. Studies in pregnant ewes using 50-100 
ug of epinephrine have shown a decrease in uterine 
blood flow (21,22). However, other studies have shown 
stable blood flow (23). More recently, using the 133 
Xe technique, Albright et al. (24) and Jouppila et al. 
(25,26) found no significant changes in intervillous 
blood flow when 40-100 ug epinephrine was added 
to local anesthetics for lumbar epidural anesthesia in 
pregnant women. It is postulated that the primary 
reasons for divergent results between studies are 
probably related to species and methodologic differ- 
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ences. In the present study we did not measure in- 
tervillous blood flow, but we evaluated the effects of 
the added epinephrine on the fetus and the neonate 
and found no deleterious effects. 

On the basis of maternal and fetal cardiovascular 
parameters, progress of labor, Apgar scores, acid—base 
status, and the NACS we conclude that addition of 
1:200,000 epinephrine to chloroprocaine during lum- 
bar epidural anesthesia in the healthy parturient does 
not prolong labor or adversely affect maternal or neo- 
natal well-being, and it does prolong the duration of 
analgesia. Further work may be needed to determine 
whether these results are applicable to high-risk pa- 
tients with impaired uteroplacental blood flow. 
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Antonio J. Francavilla, MD, Lorenzo Polimeno, PhD, Steve Lynch, MD, and 
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Arterial and hepatic venous blood levels of glucose were 
studied in 12 dogs during orthotopic liver transplantation 
performed under ketamine anesthesia without exogenous 
glucose administration. During the early part of surgery, 
arterial blood glucose levels were stable: 161 + 12 mg/dl 
(mean + SEM) after laparotomy and 183 + 16 mg/dl 5 min 
before the anhepatic stage. During the anhepatic stage, ar- 
terial blood glucose levels decreased progressively to 135 + 
9 and 88 + 8 mgldl, 5 min in the anhepatic stage and 5 
min before reperfusion of the graft liver, respectively (P < 
0.05). Reperfusion of the graft liver resulted in an increase 
in arterial glucose levels to 206 + 17 and 240 + 24 mg/dl, 
5 and 30 min after reperfusion, respectively (P < 0.05). 


Hepatic venous blood glucose levels increased after reper- 
fusion (405 + 37 and 346 + 41 mg/dl, 5 and 30 min after 
reperfusion, respectively) and were significantly higher than 
in arterial blood (P < 0.05). Arterial plasma insulin, mea- 
sured in five animals, did notchange significantly during 
the procedure, whereas plasma glucagon levels, stable dur- 
ing the preanhepatic and anhepatic stages, increased stendily 
after reperfusion of the graft liver, from 66.1 + 14.2 to 
108.4 + 38.1 pg/ml (P < 0.05). This study shows that in 
dogs with ketamine anesthesia mild hypoglycemia occurs 
during the anhepatic stage of liver transplantation without 
exogenous glucose administration followed by hypergly- 
cemia on reperfusion of the graft liver, possibly secondary 
to the release of glucose from the donor liver. 


Key Words: ANESTHESIA—liver transplantation. 
LIVER—transplantation. METABOLISM—elucose. 





Significant improvements have been made recently 
in the surgical and anesthetic management of patients 
undergoing liver transplantation (1,2). However, un- 
derstanding of glucose metabolism during liver trans- 
plantation is still incomplete. Aldrete et al. saw hy- 
poglycemia ‘frequently, especially during the anhepatic 
stage of the procedure, and advised that large amounts 
of exogenous glucose be administered during ortho- 
topic liver transplantation in humans (3). They as- 
cribed the low levels of glucose to the absence of the 
liver, the main producer of blood glucose. Others have 
reported that hypoglycemia did not occur when small 
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amounts of exogenous glucose were administered (4,5). 

Tullock et al. reported that without administration of 
exogenous glucose other than that in transfused blood, 

blood glucose levels remained within an acceptable. 
range during the preanhepatic and anhepatic stages, 

but that hyperglycemia of more than 200 mg/dl oc- 

curred after reperfusion of the graft liver (4). 

These differences in clinical experience remain 
unexplained; glucose metabolism may have been dif- 
ferent among individual recipients, and intraopera- 
tive management also may have been different. To 
investigate intraoperative glucose metabolism, we 
measured blood levels of glucose, insulin, and glu- 
cagon in healthy dogs undergoing liver transplanta- 
tion without exogenous glucose infusion. 


Methods 


Orthotopic liver transplantation was performed in 12 
adult beagle dogs, weighing between 11.0 and 14.0 
kg (mean 11.9 kg). The animals fasted overnight. 
Anesthesia was induced and maintained with intra- 
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. Laboratory Data during Liver Transplantation in 12 Dogs 


E Preanhepatic stage Anhepatic stage Postanhepatic stage S 
Variable f + 30 min I] ~ 5 min H + 5 min Hl — 5 min Hi + 5 min HI + 30 min 
Sn a a 
Body temperature (C) 36.0 + 0.3 Jat O52! 34.2 + 0.3" 337-2 O54 32.9 + Qg” 32.8 + 0.40" 
Arterial blood . oo 
Hematocrit (%) 44.3 + 1.6 42.4 + 18 34.2 + 2.3" 34.1 + 1.7" R Sre an E E Loe 
pH 7.43 + 0.02 7.43 + 0.02 7.42 + 0.02 7.34 + 0.02" Vine) etn ean 1.20 % 0.020" 
Paco: (mm Heg) 29.3. 2 155 eve me E. 25.0 5" 26.4 = 1.8“ 24.6 + 1.5% oA Me E 2.08 
Pao: (mm Hy) 141.1 + 115 147.7 + 12.1 148.4 + 7.0 48.8 + 6.7 154.7 + 7.6%" 154.9 ar ae" 
Base deficit cy aie a 43 + 0.6 6.3.2 056" OF + 0.8 12.8 + RE 14.8 + 0.8" 
Na (meq/L) 146.7 + (18 146.3 = 1.1 142.1 + 0.8%" 144.4 + 1.4 141.6 + 1.38 142.2 + L3 
K (meq/L) 2.53 + 0.08 2260 2 O12 2.81 * 0.10" 2.78 + 0.08" 4.10 + 0.27%" a oU O20" 
Hepatic venous blood 
pH 7.42 + 0.02 7.40 + 0.02 = = 715 + 003s 7.14 + 0.04": 
Pyco: (mm He) 32.2 + 1.4 S20 ae oe Se O O 44.2 + 2,8% 44.5 + 3.8 
Pyos (mm Hg) 97.8 + 6.3! 43.8 + 2.0 me 21.4 + 2 Yer 26.0 + 3.30 
Base deficit 3.3 + 0.6 3.8 + O45 maa — 12.4 + 1.1 12.8 + 1 
Na (meq/L) 470209 1552 0 140.9 + 10 143.2 + 1.2 
K (meq/L) 2.634 U4 2.07 21h 23 _ — 4.92 + 050% 3.60 + 0.26 
aaa ee ieee aa a oe a 


Values are mean = SEM. 

“Different from the values at | + 30 min. 

‘Different from the values at HI — 5 min. 

‘Different from the corresponding values in arterial blood. 


venous ketamine (2 mg/kg followed by 1 mg/kg every 
20-30 min), plus pancuronium bromide for muscle 
relaxation. The dogs were mechanicall y ventilated with 
Flo, of 0.3 and end-tidal Co. was maintained between 
4 and 5%. Femoral arterial and jugular venous cath- 
eters were inserted for blood sampling and monitor- 
ing of arterial and central venous pressures. Crystal- 
loid solution without glucose ( Plasma-Lyte A, Travenol 
Laboratories, Inc., Deerfield, IL) was infused at a 
rate of 40 ml-kg "hr '. Dopamine was infused to 
maintain mean arterial pressure above 70 torr. The 
surgical technique has been reported elsewhere (6). 
Surgery in the donor and recipient was synchronized 
to minimize donor organ ischemic time. The opera- 
tion has three stages: a preanhepatic stage (stage I), 
from the induction of anesthesia to hepatectomy; an 
anhepatic stage (stage II), from hepatectomy to re- 
perfusion of the graft; and a postanhepatic stage (stage 
HI), from reperfusion of the graft liver to the end of 
surgery. The donor organs were preserved with cold 
(0-4°C) lactated Ringer’s solution. Inall recipient dogs, 
venous bypass (Bio-Medicus, Inc., Minnetonka, MN) 
was used during the anhepatic stage of surgery to 
divert blood from the splenic and femoral veins to the 
jugular vein. The graft liver was reperfused by un- 
clamping the portal vein and the supra- and infra- 
hepatic inferior vena cava after the vascular anasto- 
moses were completed. Throughout the procedure, 
no glucose was administered to the recipient dogs: 
Neither the administered electrolyte solution nor the 





organ preservation solution contained glucose, and 
no blood was transfused during the study. 

In the preanhepatic stage, femoral arterial and he- 
patic venous blood samples were drawn 30 min after 
laparotomy (I + 30 min) and 5 min before the begin- 
ning of the anhepatic stage (I — 5 min). Hepatic 
venous blood samples were taken by venipunctures 
at the proximal part of the hepatic vein to avoid con- 
tamination by blood from the inferior vena cava. Dur- 
ing the anheptic stage, arterial blood was sampled 5 
min after onset (I + 5 min) and 5 min before reper- 
fusion of the graft liver (H ~ 5 min). In the postan- 
hepatic stage, arterial and hepatic venous blood sam- 
ples were collected 5 min (III + 5 min) and 30 min 
(IH + 30 min) after reperfusion of the graft liver. The 
blood samples were analyzed to determine glucose 
levels, arterial blood—gas tensions and acid-base state, 
hematocrit, and levels of Na and K. Blood glucose 
levels were determined using the glucose oxidase test 
(YSI model 23 A glucose analyzer, Yellow Springs 
Instruments Co., Yellow Springs, OH). Arterial in- 
sulin and glucagon levels were measured in five an- 
imals during the preanhepatic and postanhepatic 
stages using radioimmunoassay technique (Serono 
Diagnostics, Braintree, MA). Data are reported as 
mean + SEM. Data were analyzed by analysis of 
variance for repeated measures (ANOVA), and spe- 
cific differences were assessed with the Student- 
Newman-Keuls test; P < 0.05 was considered 
statistically significant. 
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Figure 1. Blood glucose levels in arterial and hepatic venous blood 
during liver transplantation in 12 dogs. (Values are mean + SEM.) 


(+)Different from the values in the preanhepatic stage. (+ }Different 
from the corresponding values in arterial blood. 


Results 


The preanhepatic stage lasted 78 + 19 min, the an- 
hepatic stage 47.5 + 17 min, and the postanhepatie 
stage 92 + 24 min. Intraoperatively, cardiovascular 
function was relatively stable except during the sec- 
ond half of the anhepatic stage and the first 15 min 
after reperfusion. Dopamine was infused in all ani- 
mals to maintain mean arterial pressure above 70 mm 


and stable in the preanhepatic stage. During the an- 
hepatic stage, body temperature, hematocrit, and pH 
decreased. Reperfusion of the grafted liver caused a 
further decrease in body temperature, hematocrit, and 
pH. Similar changes occurred in hepatic venous blood 
after reperfusion, although hepatic venous blood was 
significantly more acidotic and had a higher potas- 
sium concentration than arterial blood. 
Intraoperative blood glucose levels are presented 
in Figure 1. During the preanhepatic stage (stage I), 
arterial glucose levels were 161 + 12 and 183 = 16 
mg/dl, and hepatic venous glucose levels were 170 + 
12 and 202 + 15 mg/dl. The latter were slightly higher, 
but not significantly so. During the anhepatic stage 
(stage II), mean blood glucose levels decreased pro- 
gressively to 135 + 9 mg/dl after initiation of the an- 
hepatic stage (P < 0.05), and to 88 + 8 mg/dl im- 
mediately before reperfusion of the graft liver (P < 
0.05). Blood glucose levels were between 60 and 70 
mg/dl in three animals and 70 and 80 mg/dl in four 
animals at the end of the anhepatic stage. Blood glu- 
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Figure 2. Arterial blood levels of glucagon and insulin during liver 
transplantation in five dogs. (Values are mean + SEM.) (*)Different 
from the values in the preanhepatic and anhepatic stages. 


cose levels, increased with reperfusion of the graft 
liver (stage II), were significantly higher in hepatic 
venous blood than in arterial blood: 206 + 17 mg/dl 
at II + 5 min and 240 + 24 mg/dl at HI + 30 min in 
arterial blood, and 405 + 37 mg/dl at HI + 5 min and 
346 + 41 mg/dl at HI + 30 min in hepatic venous 
blood. Plasma insulin levels, initially 24.3 + 1.0 
ulU/ml, did not change significantly during the entire 
observation period (Fig. 2). Plasma glucagon levels 
did not change during the preanhepatic or anhepatic 
stage (71.3 + 20.5 and 73.9 + 27.4 pg/ml, respec- 
tively) but increased steadily after reperfusion of the 
graft liver, reaching peak 30 min after reperfusion 
(123.5 + 33.6 pg/ml), significantly above preanhepatic 
and anhepatic levels. In five animals blood glucose 
levels were compared with the glucagon/insulin ra- 
tios, but the correlation was very poor (r° = 0.02). 
On completion of the study, all dogs were transfused 
with whole blood obtained from the organ donor dogs; 
ten animals received 2 units and two animals received 
3 units. Two animals died of pulmonary edema and 
pneumothorax at the end of surgery. Three animals 
died postoperatively within 48 hr and seven animals 
lived more than 6 postoperative days. 


Discussion 


The liver is responsible for uptake, storage, and re- 
lease of glucose, and for gluconeogenesis. The blood 
level of glucose is determined by the balance between 


release of glucose into the blood stream and glucose 
utilization by the body. These are influenced by, among 
other factors, the activities of insulin, glucagon, cate- 
cholamines, and glucocorticoids. Hepatic uptake of 
glucose and glycogen synthesis are enhanced by in- 
sulin. Glucagon stimulates gluconeogenesis and gly- 
cogenolysis and thereby increases hepatic output of 
glucose. Secretion of glucagon, epinephrine, and 
growth hormone can increase in response to hypo- 
glycemia and stress. The liver is exposed to high con- 
centrations of insulin and other hormones in portal 
blood, and the effects of these hormones on hepatic 
glucose metabolism may be more important than has 
been recognized. Because of the major role of the liver 
in glucose homeostasis, significant changes in blood 
glucose levels are expected during liver transplanta- 
tion in experimental animals and in patients. 

In the animals studied, exogenous glucose admin- 
istration, including that in blood transfusions, was 
completely avoided. The dogs had normal preoper- 
ative hematocrits, and blood loss during surgery was 
minimal until the postanhepatic stage, so transfusion 
could be delayed until the study was completed (30 
min after reperfusion). In the preanhepatic stage, glu- 
cose levels were stable, and arterial and hepatic ve- 
nous blood glucose levels were similar, but initiation 
of venous bypass decreased hematocrit and blood glu- 
cose levels significantly. These decreases were most 
likely due to hemodilution from the priming solution 
in the bypass system, 250 ml balanced electrolyte so- 
lution. As the anhepatic stage progressed, blood glu- 
cose levels decreased further, possibly owing to con- 
tinuing glucose utilization with decreased glucose 
production. In the present study the mean duration 
of the anhepatic stage was 47.5 min, about one-half 
the 93 min reported in clinical cases (7). With a longer 
anhepatic stage, glucose levels may decrease further 
in animals. Plasma insulin and glucagon levels did 
not change during the preanhepatic and anhepatic 
stages. Although blood glucose levels decreased dur- 
ing the anhepatic stage, the levels may not have been 
low enough to cause glucagon release. 

The changes in metabolic variables with reperfu- 
sion are similar to results obtained during human liver 
transplantation: metabolic acidosis, hyperkalemia, 
hemodilution, and hypothermia caused by the release 
of cold, hyperkalemic, acidotic fluid from the graft 
liver (8-10). Reperfusion of the liver significantly in- 
creased arterial blood glucose levels. The increase may 
have been secondary to a massive release of glucose 
from the newly implanted liver, as indicated by the 
higher glucose level in hepatic venous blood com- 
pared with that in arterial blood and by the association 
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of the increasing arterial glucose level with the de- 
creasing hepatic venous glucose level. A similar ob- 
servation has been made by Halliday et al., who dem- 
onstrated progressively increasing glucose levels in 
the hepatic venous blood of the continuously per- 
fused pig donor liver (11). Ischemic injury in the he- 
patocytes may have damaged cell membrane perme- 
ability, which allowed the release of intracellular glucose 
(12). it is interesting to note that plasma glucagon 
levels. progressively increased after reperfusion de- 
spite arterial hyperglycemia. The increase in glucagon 
levels may have been caused by delayed release of 
glucagon in response to a low blood sugar level during 
the amhepatic stage or, alternatively, the release of 
glucagon may have played a role in the postreper- 
fusion arterial hyperglycemia. However, a positive 
relationship between blood glucose levels and glu- 
cagon insulin ratios was not seen in this study, al- 
thougn the lack of correlation could be due to the 
small number of animals studied. The administration 
of dopamine could have increased the secretion of 
glucagon, but only minimally. Thus, sudden hyper- 
glycemia, especially in hepatic venous blood, that oc- 
curred within 5 min after reperfusion is unlikely to 
be hormonal in origin. Hypothermia in the recipient 
dogs could have decreased glucose utilization, and 
the relative ischemia of the donor liver occurring after 
reperfusion may also have affected the graft liver’s 
sensitivity to hormones and intracellular enzymes re- 
sponsible for glycogenolysis. This study was limited 
to 30 min after reperfusion; glucose metabolism in the 
postoperative period requires further investigation. It 
is alsoainknown whether or not the amount of glucose 
released from the reperfused graft liver has any prog- 
nostic value with respect to functional recovery of the 
organ, if postreperfusion hyperglycemia were caused 
by iscaemic damage of the donor liver. 
similar changes in glucose homeostasis are ex- 
pected to be seen in patients receiving liver trans- 
plants, although there are several differences between 
our experimental design and clinical patient care. In 
the animals studied, anesthesia was maintained with 
ketamine, which could have increased blood glucose 
level indirectly by releasing catecholamines (13), and 
the duration of the anhepatic stage was shorter than 
that in patients, which might have led to the higher 
glucose level than the values expected in patients. 
However, hyperglycemia is more likely to occur in 
patients undergoing liver transplantation. Glucose 
metabolism is altered in patients with chronic liver 
disease, and high levels of circulating insulin are com- 
mon owing to hypersecretion of insulin or inadequate 
hepatic clearance of insulin (14), but these patients 
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are known to be resistant to insulin action (15). / 
high plasma glucagon level is frequently pa 
caused by hypersecretion and the effects of portasys- 
temic shunting (16). Clinically, glucose intolerance and 
higher than normal blood glucose levels are not un- 
usual. In patients, the intraoperative transfusion of 
blood preserved in dextrose solution (CPDA-1), which 
contains 200 mg/dl of glucose, is unavoidable, and 
flushing of preservation solution (Collins’ solution, 
glucose 3.75%) into the systemic circulation may sup- 
ply enough glucose to maintain adequate glucose lev- 
els. The high catecholamine levels observed in pa- 
tients receiving liver transplants (Uram et al, 

unpublished data, 1984) may counteract the periph- 
eral effects of insulin, and possible disturbances of 
ius ormonal palanice PEON insulin and g glucagor 





echemic ime in Pa (4-8 hr) (1) may a ey more 
glucose on reperfusion, whereas, glucose utilization 
is decreased by frequent inadvertent hypothermia. 
The effects of postreperfusion hyperglycemia on urine 
output and its composition were not determined in 
the present study. Hyperglycemia exceeding the 
transport maximum of the renal tubules may cause 
glucosuria and osmotic diuresis. 
ae rae this ete! N pnia M 
cemia after R a of the ar a in eat 
dogs undergoing liver transplantation without ex- 
ogenous glucose administration. The postreperfusion 
hyperglycemia appears to be secondary to a release 
of glucose from the newly grafted liver. The results 
suggest that hypoglycemia is less likely in patients 
when glucose is administered by transfusion of banked 
blood, and hyperglycemia may occur if additional ex- 
ogenous glucose is given, especially after reperfusion 
of the graft liver. 


The authors thank Marc Zapp and Frank McSteen for their technical 
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Assessment of Effect of Various Modes of Premedication on Acid 
Aspiration Risk Factors in Outpatient Surgery 


Laxmaiah Manchikanti, MD, Michael G. Canella, BS, CRNA, Leonard J. Hohlbein, Bs, CRNA, 


and Jerry A. Colliver, PhD 





Stress and emotional upset increase gastric acid pro- 
duction and gastric volume (1,2). The presurgical pe- 
riod is stressful for most patients, and this may in- 
crease gastric fluid and acid production. Analyses of 
gastric contents after induction of anesthesia in non- 
obese adult outpatients undergoing elective surgery 
have demonstrated a significant proportion of pa- 
tients to be at potential risk of acid aspiration syn- 
drome (3,4). The effects of various types and modes 
of premedication (meperidine, diazepam, orally, in- 
fravenously, intramuscularly) on gastric acidity and 
volume are controversial (5-12). The purpose of this 
study was to evaluate whether or not various pre- 
medication regimens influence the risk of aspiration 
in outpatients undergoing elective surgery. 


Methods 


One hundred and twenty-five adult outpatients re- 
ceiving general anesthesia for elective surgery were 
studied. The study was approved by the institutional 
review committee, and informed consent was ob- 
tained from all patients. The patients were randomly 
assigned into five groups of twenty-five each. Patients 
in group 1 received no premedication; group 2 pa- 
tients received meperidine (50-100 mg) and hydroxy- 
zine (50-100 mg) intramuscularly, whereas patients 
in group 3 received meperidine (25-50 mg) and pro- 
chlorperazine (2.5-5.0 mg) intravenously. Patients in 
group 4 received diazepam (5 mg) and prochlorper- 
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azine (2.5-5.0 mg) intravenously, and group 5 pa- 
tients received diazepam (5 mg) and hydroxyzine (100 
mg) by mouth. Meperidine, prochlorperazine, and 
diazepam were all administered slowly over a 10-15- 
min period in groups 3 and 4, whereas diazepam and 
hydroxyzine were administered to group 5 with a sip 
of water. All drugs were administered 45-120 min 
before induction of anesthesia. All patients were 
healthy, and none had gastrointestinal disorders. 
After induction of anesthesia with thiopental, a #18 
Salem sump tube was passed into the stomach and 
all available gastric contents were aspirated. Accurate 
position of the gastric tube was verified by insufflation 
of air through the gastric tube with simultaneous aus- 
cultation over the epigastrium. The pH was deter- 
mined in the laboratory by a Corning pH meter with 
a silver—silver chloride combination electrode. 
Patients with gastric pH <2.5 or volume =25 ml 
were defined as being at risk of aspiration. Risk factors 
were analyzed in combination and independently. One- 
way analyses of variance were used to com pare means 
of the five groups. Comparisons of Proportions ‘at 
risk” in the five groups were made with 5 x 2 y? tests 
of independence. Differences were considered statis- 
tically significant if P values were less than 0.05. 


Results 


Statistical information concerning patient character- 
istics and fasting periods for the five groups are pre- 
sented in Table 1. Sex distribution, age, height, and 
weight were not significantly different in the five 
groups. The groups did differ significantly in mean 
fasting time, with group 5 having a significantly longer 
fasting period than the other four groups, which did 
not differ significantly from each other. 
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Table 1. Patient Characteristics and Fasting Periods 





CLINICAL REPORTS 














Number Sex 
of distribution Fasting 
patients (M/F) Age (yry Height (cm) Weight (kg) period (hr) 
Group 1: no 25 il/i4 Dd ey 172.1 + 1.6 70.8 £ 2.8 11.51 + 0.62 
premedication 
Group 2; meperidine 25 15/10 27.6 + 2.2 173.352 16 A Oe 11.16 + 0.53 
and hydroxyzine, 
intramuscularly 
Group 3: meperidine and 25 14/11 Bled Seed ata 24 7220: 3.5 10.63 > 0.43 
prochlorperazine, 
intravenously 
Group 4: diazepam and 25 11/14 D0 7 = 27 LEER 68.9 + 3.7 10.60 + 0.42 
prochlorperazine, 
intraveously 
Group 5: diazepam and 25 12/13 33.5 + 2.8 170.3 + 1.4 67.9 + 2.6 13.50 + 0.85 
hydroxyzine, orally 
‘Values are mean £ SEM 
Table 2. Gastric pH Data 
pH 


pewter] 


Mean + SEM 


1.86 + 0.11 


Range 


Group |: no 


premedication 

Group 2: meperidine 2100.23 1.12-6.47 
and hydroxyzine, 
intramuscularly 

Group 3: meperidine and 1,94 + 0.12 1.27-4.30 


prochlorperazine, 
intravenously 


Group 4: diazepam and 1.90 + 0.12 1.26-4.31 
prochlorperazine, 
intravenously 

Group 5: diazepam and 1.82 + 0.10 1.28-2.73 


hydroxyzine, orally 





1.28-3.64 


Patients with 
pH < 2.5 


22 (88%) 


Patients with 
pH = 1.8 


19 (76%) 


Patients with 
pH <= 1.5 


5 (20%) 


4 (16%) 16 (64%) 20 (80%) 


oi 


(20%) 14 (56%) 23 (92%) 


4 (16%) 16 (64%) 23 (92%) 


4 (16%) 14 (56%) 24 (96%) 
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Gastric pH 

The five groups did not differ significantly, either in 
terms of mean pH or proportion of patients with pH 
<1.5, pH <1.8, or pH <2.5. (Table 2). 


Gastric Volume 


The five groups did not differ significantly in terms 
of mean gastric volume and the proportions with vol- 
ume 225 ml (Table 3). 


Combined Risk of pH and Volume 


The five groups did not differ significantly in pro- 
portion of patients with both pH <1.5 and volume 
225 ml, proportion with both pH <1.8 and volume 
25 ml, and proportion with both pH <2.5 and vol- 
ume 225 ml (Table 3). 


Discussion 

Pulmonary aspiration of acidic gastric contents is a 
recognized hazard of anesthesia that continues to draw 
attention in anesthesia literature (13,14). It is generally 
agreed that gastric contents 225 ml with pH <2.5 are 
critical for the development of acid pneumonitis (15-17). 
However, recent evidence in experimental animals 
demonstrates that even patients with low volumes of 
gastric fluid have a high mortality if pH is very low, 
whereas a much higher volume than previously 
thought can be tolerated if the gastric fluid pH is 1.4 
(18). 

Drug absorption studies and analysis of gastric con- 
tents after induction of anesthesia in patients have 
shown that opioid analgesics cause delay in gastric 
emptying (5-7). It is also believed that anxiety and 
stress before surgery delay gastric emptying, in ad- 
dition to increasing gastric acid production (1,2), hence 
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Table 3. Gastric Volume Data 


Volume (ml 


uy 


Mean + SEM Range 





Group I: no 30.0 = 4.1 5~80 15 (600%) 
premedication 

Group 2: meperidine 26.2 + 4.0 2—90 12 (48%) 
and hydroxyzine, 
intramuscularly 

Group 3: meperidine and 25.7 + 4.6 5-100 9 (36%) 
prochlorperazine, 
intravenously 

Group 4; diazepam and 30.0 + 4.9 5-100 11 (44%) 
prochlorperazine, 
intravenously 

Group 5: diazepam and 260- +: 47 8-100 9 (36%) 


hydroxyzine, orally 


it is presumed that anxiolysis and sedation may de- 
crease risk factors associated with gastric aspiration. 
However, two recent studies evaluating the effect of 
-oral and rectal diazepam on gastric contents revealed 
opposing results (10,11). One study showed that or- 
ally administered diazepam reduced gastric volume 
and acidity, whereas the other found rectal diazepam 
to be inetfective in reduction of gastric acidity or vol- 
ume (10,11). In the present study, patients receiving 
no premedication, meperidine IM or IV, diazepam IV 
or PO, with hydroxyzine IM or PO, or prochlorper- 
azine IV, were comparable with respect to gastric pH 
and volume. The proportion of patients with gastric 
volume #25 ml was less in groups 2 to 5 receiving 
premedication, but the difference did not reach sta- 
tistical significance. Our results demonstrated that there 
was neither an increase nor a decrease in gastric ac- 
idity and volume as a result of narcotic or oral pre- 
medication. In contrast to previous reports (10-12), 
we did not see suppression of gastric secretion by 
diazepam and prochlorperazine. 

A pitfall in this study is the technique employed 
for the collection of gastric contents, as the exact lo- 
cation of the gastric tube at the time of aspiration of 
gastric juice is not known and consequently all the 
contents may not be obtained (3). However, any er- 
rors in estimation would be consistent across treat- 
ment groups, and comparisons of group means and 
proportion of patients at risk are not biased by the 
use of this technique. 

In summary, the results of this study suggest that 
a significant proportion of outpatients undergoing 
elective surgery are at risk for aspiration pneumonitis, 
as 88% of unpremedicated patients have gastric pH 
=2.5, 56% have gastric contents =25 ml with pH <2.5, 
and significant proportions of patients also presented 
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Patients with 
volume = 25 ml 
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Patients with Patients with 
volume = 25 ml volume = 25 ml 
with pH = 1.5 with pH = 1.8 with pH = 2.5 


5 (20%) 12 (48%) 14 (56%) 


3 (12%) 9 (36%) 12 (48%) 


3 (12%) 8 (32%) 9 (36%) 


4 (16%. 10 (40%) 11 (44%) 


2 (8%) 7 (28%) 9 36%) 





with pH <1.8 as well as pH <1.5. This study also 
demonstrated that patients receiving no premedica- 
tion, meperidine IM or IV, diazepam IV or PO with 
hydroxyzine IM or PO, or prochlorperazine IV pre- 
sented with similar gastric juice volume and pH. Thus 
the utilization of drugs to alter gastric contents fa- 
vorably will be an adjunct to safe anesthetic practice 
(4,19, 20). 


We are grateful to the administration, outpatient surgery, operating 
room, and laboratory staffs for their help. We also thank Ray 
DeMeyer, Clyde Hadley, Martha Rust, and Stephen J. Markwell 
for their assistance and help. 
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Intercostal Blocks with Local Infiltration Anesthesia for Extracorporeal 


Shock Wave Lithotripsy 


Vinod Malhotra, MD, Charles W. Long, MD, and Michael J. Meister, MD 


Extracorporeal shock wave lithotripsy (ESWL) is being 
used more frequently for disintegration of upper uri- 
nary tract stones. The procedure requires patients to 
be strapped in a semireclining position into an hy- 
draulically operated chair-like support system and then 
submerged in water, from the clavicles down, in a 
large immersion tub. High-pressure shock waves are 
generated under water by an electrode to which 18-24 
kV of energy is applied. The shock waves, transmitted 
through water, enter the body through the flank and 
are focused on the target stone using biplanar fluo- 
roscopy. The impact of the shock waves at the entry 
site in the flank, the most painful stimulus in the 
procedure, necessitates anesthesia. To date, contin- 
uous epidural anesthesia (1) and general anesthesia 
with conventional mechanical ventilation or high- 
frequency jet ventilation have been recommended ( 2). 
Physiologic changes due to immersion, remote mon- 
itoring, and positioning present additional problems 
to the anesthesiologist (1,3). 

In the first 800 patients treated with ESWL at the 
New York Hospital-Cornell Medical Center, we em- 
ployed epidural, spinal, and general anesthesia with 
controlled ventilation. Recently, we introduced a re- 
gional anesthetic technique using intercostal nerve 
block combined with local infiltration, which offers a 
simple, safe, and acceptable method of administering 
anesthesia for ESWL. The following is a report of our 
experience with 72 patients undergoing ESWL who 
had intercostal nerve blocks combined with local in- 
filtration. 


Methods 


Of the 342 patients undergoing ESWL at our insti- 
tution between September 1985 and February 1986, 
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72 (21%) selected intercostal nerve block combined 
with local infiltration as the anesthetic technique in 
preference to epidural or general anesthesia. Data on 
these 72 patients are summarized in Table 1. The pa- 
tients were brought to the anesthesia room without 
premedication. A peripheral intravenous catheter was 
inserted, and the ECG and blood pressure were mon- 
itored. Patients were placed prone witha small pillow 
uncer their heads, a soft, large pillow under the ab- 
domen to flatten the spinal curvature in the lower 
back, and arms stretched above their heads. Intra- 
venous diazepam, 10 mg (2.5-15 mg), and fentanyl, 
100 ug (50-100 ug), were then administered as re- 
quired, to produce sedation and analgesia prior to the 
block. The position of the stone was determined in 
relationship to the lumbar spine by review of pre- 
liminary x-rays of the kidney, ureter, and bladder 
(Fig. 1). The bony landmarks were used for mea- 
surements to locate the stone and, thus, the entry site 
of the shock wave in the flank. In the prone patient, 
the lumbar spinous processes were palpated, and an 
“X” was marked on the skin to indicate the location 
of the stone (Fig. 2). An approximate area of 15 x 15 
cma was then marked on the flank, with “X” as its 
center. This area usually extended to the midline me- 
dially and to the iliac crest inferiorly. A volume of 
local anesthetic sufficient to infiltrate the entire area 
was injected subdermally in a fan-wise direction, 








Table 1. Patient Data 
Mean Range or percent 
Awe tyr) 46 21-74 
Weight (kg) 78 45-122 
Sex 
males 50 70 
females 22 30 
Physical Status 
ASA I 3I 43 
ASA H 24 33 
ASA HI 13 18 
ASA IV 4 5 
om 72 
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Fi igure 1, 
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starting at the center and spanning 360°, using a 22- 
gauge 10-cm needle. The volume of local anesthetic 
(Table 2) varied with the size of the patient; however, 
the total dose of local anesthetic was kept below the 
maximum recommended dose. The last four inter- 
costal nerves were blocked at the lower border of the 
corresponding ribs between the posterior axillary line 
and the angle of the rib as medially as possible. Local 
anesthetic solution (5 ml) was injected at each rib, us- 
ing a 22-gauge 3.8-cm needle, after careful aspiration. 

Talen were randomly given either 1% lidocaine 
with epinephrine for infi Itration and intercostal blocks 
(group A, n = 31), or 0.25% bupivacaine for infiltra- 
tion combined with a mixture of 0.5% bupivacaine 
and 1% lidocaine with epinephrine for the intercostal 
blocks (group B, n = 41) (fable 2). The patients were 
then positioned in the lithotripter support system and 
immersed in water up te the clavicles. During the 
treatment, small doses of fentanyl [average 75 ug 
(0-200)] were given intravenously, as required, 
supplement analgesia. 


Results 

Patients remained hemodynamically stable, and no 
invasive monitoring was required. No complications 
related to the regional blocx (e.g., pneumothorax, in- 


Position of the stone with relation to the second lumbar vertebra as seen on the pre-ESWL radiograph. 


travascular injection) or the local anesthetics were ob- 
served. 

The ESWL treatments lasted 15-85 min (average 
40 min), during which an average of 1839 shocks 
(750-2475) was applied. The duration of fluoroscopy 
or the treatment was similar to that of the patients 
receiving general anesthesia for ates [average im- 
mersion time 40 min (15-70)]. All procedures were 
completed satisfactorily, and the urologists rated the 
operating conditions as “excellent.” The majority of 
the patients were comfortable while immersed during 
the procedure and often fell asleep. Occasional sen- 
sations were reported by the patients as mild “slaps” 
or “thumps,” or moderate “gas pain around the um- 
bilicus.” In all instances, intravenous supplementa- 
tion relieved the symptoms. Sedation was mild, how- 
ever, and patients were easily arousable and able to 
communicate with the physicians during the treat- 
ment. 

At the end of the procedure, all but four patients 
were awake and coherent. They were discharged di- 
rectly to their rooms. Four patients were sent to the 
recovery room for an average of 60 min (50-75 min). 
The average duration from the time a patient was 
brought to the ESWL unit to discharge from the ESWL 
unit was 93 min (60-165), which included waiting 
time in the anesthesia room, the time required for the 
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Figure 2. Shock wave entry site with surface marking of the ribs 
and lumbar spinous processes. “X” location of the stone based on 
the radiograph. 


block (average 10 min), and procedures like cystos- 
copy and insertion of ureteral stents. In many cases, 
the block was administered to one patient in the anes- 
thesia room while another was being treated in the 
tub. The patients rated their anesthetic experience as 
“highly acceptable” and indicated that they would 
choose the same anesthetic should retreatment be 
necessary. Four patients who required retreatment 
did choose this anesthetic technique again. 

In the postoperative period, over 70% of the pa- 
tients required no pain medication. Narcotic analge- 
sics were required for postoperative pain related to 
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the movement of stone fragments. The patiencs de- 
scribed the feeling at the shock entry site as “mild 
soreness” in the flank that did not require medication. 
Postoperative narcotic requirement was similar in both 
groups (Table 2). 


Discussion 

In the German experience, local infiltration, secation, 
or both, proved inadequate in providing anesthesia 
for ESWL (personal communication, Werner C. We- 
ber, Munich, Germany). We found the addition of 
intercostal blocks to local infiltration improved the 
quality of anesthetic. The impact of the shock wave, 
felt ever a wide area in the flank, has been described 
as a sharp, stinging pain at the skin combined with 
deep somatic (subcutaneous, muscular) and visceral 
pressure discomfort. The intercostal block has been 
helprul by blocking the deep somatic sensation. The 
block has been most beneficial when performed at the 
angle of the rib. In the very obese, or in patients where 
the bony landmarks were not clearly palpable, we 
elected to perform the blocks more laterally at a point 
where the ribs were palpable, to reduce the risk of 
complications. The visceral sensation, however, was 
not blocked, and patients had mild to moderate dis- 
comfort, which was relieved by intravenous medi- 
caton. 


tienis and urologists. Patient movement during treat- 
ment has not been a problem. The treatment time, 
flucroscopy time, and the number of shock waves 
required were similar in patients receiving regional 
block, epidural, or general anesthesia. In fact, at times 
the patients have been able to help the urologist lo- 
calize the stone by deep breathing or breathholding 
on request, 

This technique offers several advantages when 
compared with epidural or general anesthesia. It elim- 
inates the arduous task of lifting and positioning anes- 
thetized patients in the gantry chair, and also protects 
the patient from injury due to positioning. None of 
the patients in this group developed hypotension dur- 
ing the procedure. In our experience, the incidence 
of relative hypotension (mean arterial pressure less 
than 80% of preanesthetic levels) in patients undergo- 
ing ESWL has been 18% with epidural and 13% with 
general anesthesia. Absence of motor blockade, which 
accompanies epidural anesthesia, has been a definite 
advantage with this technique, allowing direct dis- 
charge of the patient to his room, rapid recovery, and 
early ambulation. Extracorporal shock wave litho- 
tripsy patients often require pretreatment cystoscopy 
to insert a ureteral stent. This anesthetic technique, 
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Table 2. Comparison of Local Anesthetics Used and Postoperative Narcotic Requirement 


Postoperative narcotics 


Local anesthetic ; a. 
te required (%) 


(¢ epinephrine Average volume 


Group Procedure 1: 200,000) (ml) (range) 0-6 hr 0-24 hr 
A (Qt = 31) Infiltration 1% Lidocaine 36 (20-60) 23 29 
Intercostal block 1% Lidocaine 20 eas as 
B (n = 41) Infiltration 0.25% Bupivacaine 42 (20-60) 26 29 
Intercoastal block 0.5% Bupivacaine 20 noe — 


with 1% lidecaine 


combined with sedation, has offered effective anal- 
gesia for both cystoscopy and ESWL, without the dan- 
gers of transporting an anesthetized, intubated pa- 
tient between the cystoscopy and ESWL areas. 
Furthermore, the unpleasant side effects of general 
anesthesia (nausea, vomiting, hangover) have been 
avoided. We have not noticed any advantage in using 
a longer acting anesthetic (like bupivacaine) as com- 


pared with lidocaine, in obtaining postoperative pain 


relief. 
In summary, intercostal blocks combined with local 


infiltration is a simple and inexpensive anesthetic 


technique for ESWL, which obviates the complexities 
of epidural anesthesia, general anesthesia, high fre- 


quency jet ventilation, and invasive monitoring. We 
have found it to be safe, effective, and well accepted 
in the 72 patients we have treated. 
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Atlantoaxial Subluxation with Symptomatic Spinal Cord 
Compression in a Child with Down’s Syndrome 


Roger A. Moore, MD, FAAP, Kathleen W. McNicholas, MD, and 


sandy P. Warran, MD, FAAN, FAAP 


Common physical findings in patients with Down's 
syndrome include generalized hypotonia and laxity 
of joint ligaments (1-3). Under general anesthesia, 
meticulous attention in positioning these children is 
necessary to avoid hyperextension injury of periph- 
eral nerves. Ligamentous laxity of the atlantoaxial joint 
may allow subluxation (C1—2) that can lead to cervical 
spinal cord compression (2,4). This is a report of a 
child with Down’s syndrome who suffered progres- 
sive symptoms of cervical spinal cord compression 
after cardiac surgery. 


Case Report 


A 4.5-year-old, 14.1-kg, 89-cm boy with mosaic tri- 
somy 21 was admitted for correction of a ventricular 
septal defect. During the 4 months prior to admission, 
the patient’s exercise tolerance had worsened with 
increased fatiguability and decreased ambulation. Prior 
to surgery, the child was able to walk in an upright 
position without support, and had attained the de- 
velopmental milestones of a 3-year-old. 

On physical examination the blood pressure was 
104/60 mm Hg, and the pulse was regular at 108 
beats/min. A 4/6 systolic ejection murmur with a +2/+4 
thrill was heard at the left sternal border. Mild sco- 
liosis with splinting to the right was noted. The child's 
ventricular septal defect (Q,:Q, of 2.8:1 and pul- 
monary artery pressure of 55/20 mm Hg) was closed 
during an unremarkable anesthetic and surgical pro- 
cedure. Anesthesia had been induced inhalationally 
by mask using a 50:50% mixture of nitrous oxide: 
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oxygen and a slowly increasing concentration of halo- 
thane up to 2%. After paralysis with 0.14 mg/kg pan- 
curonium, the child was intubated without special 
cervical protection. The patient was extubated 2 hr 
after arrival in the intensive care unit, and his post- 
operative course was unremarkable except for the de- 
velopment of postpericardiectomy syndrome, which 
was treated effectively with aspirin. However, the 
patient’s locomotion changed from walking upright 
to crawling on all fours. In spite of the physical find- 
ings of bilateral extensor plantar reflexes and diffuse 
hypotonia of the lower extremities, the patient was 
discharged from the hospital. 

At the first postoperative follow-up visit, the pa- 
tient was found to be growing and physically devel- 
oping well, though he continued to crawl on all fours, 
rather than walking upright. Physical examination re- 
vealed paraparesis and increased deep tendon re- 
flexes in the lower extremities, as well as ankle clonus 
and extensor plantar reflexes. Combined myelogra- 
phy and computerized tomography of the upper cer- 
vical spine revealed the body of the second cervical 
vertebrae and the base of the odontoid process were 
posteriorly subluxed, causing narrowing of the spinal 
canal between the base of the odontoid process and 
the dorsal arch of the first cervical vertebra. The cer- 
vical spinal cord was slightly flattened at that level. 
The patient underwent surgical fusion of the upper 
cervical spine without incident. Currently (8 months 
after cervical fusion), the patient has regained a nor- 
mai gait pattern and ambulatory abilities. 





Discussion 


Recent recommendations by the American Academy 
of Pediatric’s Committee on Sports Medicine have 
drawn attention to the potential risk of spinal cord 
injury for children with Down's syndrome (4). Due 
to ligamentous laxity and cervical vertebral abnor- 
malities, some 20% of children with Down's syn- 
drome develop atlantoaxial subluxation (3,5,6), pre- 
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disposing them to cervical spinal cord compression. 
The diagnosis of atlantoaxial subluxation can be made 
with lateral extension and flexion roentgenograms of 
the upper cervical spine. An odontoid process (axis) 
to anterior arch (atlas) distance of greater than 4.5mm 
indicates abnormal instability and subluxation of the 
junction (4,7). Children with atlantoaxial subluxation 
are at risk for cervical spinal cord injury during hy- 
perextension, hyperflexion, or increased rotation of 
the neck. 

signs of cervical spinal cord compression include 
a mixture of upper and lower motor neuron defects. 
One of the earliest signs is loss of ambulatory skills 
(2), evidenced by a broad-based gait, clumsiness, and 
increased fatigue on walking (4). Other common signs 
include spasticity and hyperreflexia of the lower ex- 
tremities, extensor plantar reflexes, loss of bowel and 
bladder control, and neck posturing (torticollis). Early 
diagnosis allows surgical intervention to prevent pro- 
gressive nerve injury. 

Because spontaneous subluxation of the atlantoax- 
ial junction can produce spinal cord compression, pre- 
operative evaluation by the anesthesiologist should 
be directed toward discovery of any preexisting signs 
or symptoms of cervical cord compression. A high 
degree of suspicion is necessary because subtle symp- 
toms may be attributed to other disease processes. In 
the present case, the increased fatiguability on walk- 
ing and decrease in ambulation were thought to in- 
dicate progression of the cardiac disease without due 
consideration given to the possibility of cervical spinal 
cord compression. Evaluating these symptoms in chil- 
dren with Down’s syndrome is also more difficult due 
to the marked delays that may occur in motor and 
developmental milestones. Eliciting a history of 
regression from previously attained skills in ambu- 
lation or toilet training are important clues. In our 
case, the immediate postoperative loss of upright lo- 
comotion was ignored due to a lack of suspicion for 
subluxation in spite of the presence of positive phys- 
ical findings. Luckily, irreversible damage to the spinal 
cord did not occur. If a child has symptoms potentially 
referable to cervical cord compression, lateral cervical 
films should be performed to discover whether the 
child has subluxation (4). If subluxation exists, further 


CLINICAL REPORTS 


evaluation with computerized tomography and mye- 
lography is indicated. 

Most children with Down’s syndrome coming to 
the anesthesiologist’s attention have neither lateral 
neck films nor symptoms attributable to cervical cord 
compression. Because the risk of atlantoaxial sublux- 
ation is so great in this group, special neck protection 
is necessary. The first step in avoiding accidental sub- 
luxation is the education of all medical personnel con- 
cerning the increased risks of patients with Down’s 
syndrome for cervical subluxation. Education of the 
operating room, recovery room, and intensive care 
unit personnel is of particular importance because they 
will be providing care when the child is in a sedated 
or paralyzed condition. High-risk perioperative pe- 
riods for extension—flexion as well as rotational cer- 
vical stress include laryngoscopy and tracheal intu- 
bation, positioning, transport, tracheal suctioning, and 
roentgenogram plate placements. Meticulous atten- 
tion in supporting the head and neck during these 
critical periods should be provided. Of particular im- 
portance to the anesthesiologist is avoidance of hy- 
perextension during tracheal intubation. 

In summary, 20% of children with Down’s syn- 
drome have subluxation of their atlantoaxial (C1-2) 
junction, predisposing them to cervical spinal cord 
injury. Special care is necessary to prevent neurolog- 
ical complications by protecting the cervical spine dur- 
ing the anesthetic, especially at the times of tracheal 
intubation, patient positioning and transport. 
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Probable Seizures after Sufentanil 


Lester P. Molbegott, mD, Michael H. Flashburg, MD, H. Lawrence Karasic, MD, and 


Brian L. Karlin, DO 


Use of the newer potent synthetic narcotic agonists 
has flourished due to their inherent ability to provide 
analgesia and anesthesia while preserving hemody- 
namic stability. Both high- and low-dose regimens 
using fentanyl and, more recently, sufentanil are in 
wide clinical use. 

Reported adverse effects of fentanyl include intra- 
operative awareness, chest wall rigidity during in- 
duction, and, rarely, generalized seizures after use of 
either high- or low-dosage regimens (1,2). In theory, 
similar disadvantages might be expected to exist with 
sufentanil, a more potent narcotic congener of the 
parent molecule. 

To date, however, there has been no mention in 
the literature of convulsive reactions associated with 
sufentanil. We report two recent cases in which gen- 
eralized or focal seizure-like activity occurred after 
administration of small doses of sufentanil. 


Case Reports 
Case 1 


A 79-year-old, 50-kg woman was admitted with ob- 
structive jaundice. Past medical history was remark- 
able only for mild Parkinson’s disease. She was taking 
no medications. She was scheduled for cholecystec- 
tomy, choledochojejunostomy, and _ gastrojejunos- 
tomy after medical evaluation demonstrated a mass 
at the head of the pancreas without evidence of me- 
tastasis. All laboratory tests, with the exception of 
alkaline phosphatase 380 U/L, SGOT 95 U/L, and SGPT 
86 U/L, were within normal limits. 

After atropine, 0.4 mg intramuscularly (IM), an- 
esthetic induction began with the patient breathing 
100% oxygen. Sufentanil, 0.04 mg, was given intra- 
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vencusly (IV). When she became drowsy, though still 
conscious, an additional 0.02 mg was injected. Loss 
of lid reflex occurred 2 min later. Blood pressure and 
pulse were 130/85 mm Hg and 66 beats/min, respec- 
tively, as ventilation was then controlled. Hypoxia 
was not evident. Generalized tonic-clonic move- 
ments of the arms and legs started 30 sec later. Up- 
ward deviation of the eyes simultaneously occurred. 
These movements abruptly ceased 0.5 min after thio- 
pental, 50 mg, was administered IV. Subsequently 
tracheal intubation was performed with the aid of 
suceinylcholine 50 mg IV. An arterial blood sample 
was drawn as the thiopental was injected. The plasma 
sufentanil concentration, determined by radioim- 
munoassay, was 1.07 ng/ml (3). We decided to con- 
tinue surgery because she was otherwise stable. There 
were no problems intraoperatively and no postop- 
erative neurologic sequelae. 


Case 2 


A 5/-yr-old, 66-kg man was scheduled for elective 
cholecystectomy for cholelithiasis and splenectomy 
for hypersplenism. Past history was pertinent for 
Waldenstrom’s macroglobulinemia. Additionally, the 
history was significant for symptomatic gastroesoph- 
ageal reflux and stable ischemic heart disease. There 
was no history of myocardial infarction, but typical 
anginal symptoms were precipitated by moderate re- 
ductions in serum hemoglobin concentration. 

There were no symptoms of hyperviscosity syn- 
drome. At the time of surgery the serum viscosity 
was normal. No coagulopathy was evident, and there 
was no antecedent history of change in mentation, 
transient ischemic attacks, or focal/generalized sei- 
zure disorder. Chronic medications included raniti- 
dine 150 mg and metoclopramide 10 mg, both twice 
a day. 

Preoperative medication included meperidine, 50 
mg, hydroxyzine, 25 mg, and glycopyrrolate, 0.2 mg, 
ail given IM 1 hr before surgery. A “modified” rapid 
sequence induction utilizing sufentanil was chosen to 
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blunt the hemodynamic effects of laryngoscopy and 
tracheal intubation. The patient was preoxygenated 
for 3 min before sufentanil in 0.01-mg increments to 
a total of 0.04 mg was administered over 5 min. Pan- 
curonium, 1 mg IV was given for defasciculation. Be- 
fore apnea or loss of consciousness, the sudden onset 
of left upper extremity tonic-clonic movements, Up- 
ward deviation of the eyes with subsequent vertical 
nystagmus, and unresponsiveness occurred. Cricoid 
pressure was applied. Thiopental, 175 mg IV, and 
succinylcholine, 100 mg IV, were administered to stop 
the seizure activity and facilitate intubation. Blood 
pressure, heart rate, and ECG remained stable. An 
arterial blood sample drawn 5 min after intubation 
and initiation of controlled ventilation (Vt = 700 ml, 
f = 8/min, Fig, = 1.0) had a pH of 7.41, a Poo? of 37 
mm Hg, and a Po; of 223 mm Hg. 

Anesthesia was subsequently maintained with N2O 
50% and O;, isoflurane, and pancuronium for muscle 
relaxation. The intraoperative and postoperative pe- 
riods were uneventful. Neurological examination on 
emergence, and serially postoperatively, was normal. 
There were no neurological sequelae. 


Discussion 


It is speculative whether or not the tonic-clonic move- 
ments described above in our patients, or by others, 
were true seizures, because EEG documentation was 
not available (1,2). Somatic muscle rigidity has been 
offered to explain these phenomena because studies 
using large doses of fentanyl failed to reveal EEG 
activation. The successful use of small doses of non- 
depolarizing muscle relaxants to control such “sel- 
sures” has lead to the conclusion that these phenom- 
ena, indeed, represent “muscle rigidity” (4-6). In our 
patients, a small dose of thiopental eliminated the 
reaction in the first case. Larger doses have been given 
successfully to relax a ‘‘board-like abdomen” associ- 
ated with morphine in a prior study (7). 

Sufentanil, recently introduced into clinical prac- 
tice, depresses the cortex in rats and humans (8,9). 
However, there is evidence that subcortical neuroex- 
citation with cortical depression may also occur in rats 
(9). Seizures, for example, were documented by EEG 
in rats after sufentanil administration. Additionally, 
regional increases in cerebral glucose utilization in 
certain limbic structures (amygdala, caudate, and 
ventral thalamic nuclei) were noted (9). It is possible 
that similar effects might not be demonstrable in hu- 
mans because routine scalp EEG electrode monitoring 
does not detect subcortical seizure activity (10). Until 
sophisticated EEG monitoring is performed in hu- 
mans, assigning an etiology to the changes we ob- 
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served in these two patients (e.g., neuroexcitation vs 
muscular rigidity) would be premature. 

An interesting common feature in the two cases 
described is their potential deficiency in central ner- 
vous system dopamine. Patients with Parkinson’s dis- 
ease have deficient dopamine neurotransmitter, ri- 
gidity isa common symptom. Metoclopramide, which 
was used in our second patient, inhibits cerebral do- 
pamine. Although rigidity has not been described with 
its use, other extrapyramidal signs, such as torticollis, 
trismus, and akathasia have been reported (11,12). 

Regardless of the etiology, tonic-clonic movements 
induced by sufentanil should be treated immediately 
so an airway can be secured and ventilation controlled 
to prevent hypoxemia and hypercarbia. It seems pru- 
dent to administer small amounts of thiopental em- 
pirically; it will depress the cortex, lessen the chance 
of awareness, and possibly stop the muscle move- 
ments. Succinylcholine should be given to facilitate 
intubation and ventilation. It may be safe to continue 
with the planned surgical procedure in cases such as 
ours in which the abnormal neurological response 
was transient, and because there were no postoper- 
ative neurological sequelae. 

Because small doses of sufentanil have elicited this 
reaction, perhaps all patients given sufentanil should 
be preoxygenated prior to induction. Although pre- 
medication with diazepam or barbiturates increase the 
threshold for seizures, it is unknown whether they 
will prevent these tonic-clonic movements. 

In summary, two cases are presented in which sus- 
pected seizure activity occurred during anesthetic in- 
duction after administration of small doses of sufen- 
tanil. In both instances “seizures” were abrupt in onset, 
and unrelated to antecedent clinical signs of hypoxia 
or significant change in vital signs. Symptoms were 
rapidly ablated by intravenous administration of thio- 
pental. The etiology of the observed abnormalities is 
as yet unclear. The role, if any, of deficient CNS do- 
pamine stores awaits clarification. Additionally, fur- 
ther studies to investigate the potential importance of 
subcortical neuroexcitation appear warranted. 
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Changes in Anterior Fontanel Pressure during Cardiopulmonary 
Bypass and Hypothermic Circulatory Arrest in Infants 


Robert H. Friesen, MD, and Rita Thieme, RN 


a 


Profound hypothermic circulatory arrest (HCA) is a 
widely used technique in infant cardiac surgery. The 
hemodynamic, metabolic, and catecholamine changes 
associated with HCA have been reported (1-3), as 
have both early and late neurologic sequelae (4,5). 
Changes in cerebral hemodynamics and intracranial 
pressure (ICP) associated with HCA have not been 
reported. 

The Ladd monitor (Ladd Research Industries, Inc., 
Burlington, VT) of anterior fontanel pressure (AFP) 
is a noninvasive indicator of ICP. This pressure trans- 
ducer was designed for ICP monitoring and utilizes 
a fiberoptic sensor and a pneumatic tube and bellows 
operating on the applanation principle. The principle 
and the monitor have been previously described (6-8), 
and acceptable accuracy has been demonstrated 
(6,9,10). 

Because the understanding and prevention of un- 
desirable neurologic sequelae associated with HCA 
(4,5) requires documentation of the many variables 
contributing to cerebral hemodynamics, we used the 
Ladd monitor to record changes in AFP during car- 
diopulmonary bypass (CPB) and HCA in 10 infants. 


Methods 


This study was approved by the institutional review 
board of The Children’s Hospital in Denver. The ten 
infants studied underwent repair of a variety of con- 
genital cardiac defects. Their ages ranged from 1 day 
to 23 weeks (mean 10.4 weeks) and their weights from 
2.7 to 6.7 kg (mean 4.3 kg). 

They were anesthetized with fentanyl 30-60 g/kg 
and isoflurane 0.5%. Pancuronium was used for mus- 
cle relaxation. Phenytoin 7 mg/kg and methylpred- 
nisolone 30 mg/kg were administered intravenously 
to all patients prior to CPB. After anesthetic induction, 
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ice bags were applied to the head to facilitate brain 
cooling and were left in place until rewarming CPB. 

After induction of anesthesia, tracheal intubation, 
and insertion of vascular catheters, the head was sup- 
ported in a neutral position by a foam ring. The an- 
terior fontanel was shaved, and tincture of benzoin 
was applied to the surrounding scalp. Because ap- 
plication force of the Ladd sensor can affect the ac- 
curacy of its measurements (11,12), we used the ap- 
plication technique described by Hill and Volpe (10). 
This technique, using adhesive foam to secure the 
sensor to the anterior fontanel, is both accurate and 
reliable (10). We used the Ladd 10004 sensor and the 
Ladd M1000 pressure monitor. 

Mean arterial pressure (MAP) was directly moni- 
tored via radial or brachial artery catheters using Ben- 
tley Trantec transducers (irvine, CA) and a Hewlett- 
Packard monitor (Waltham, MA). MAP and AFP were 
recorded on a Ladd recorder. Nasopharyngeal and 
rectal temperatures were monitored. 

The surgeon cannulated the ascending aorta and 
inserted a single right atrial cannula for venous re- 
turn. CPB was instituted using a pulsatile flow pump 
oxygenator/heat exchanger (Cobe-Stockert, Cobe Lab- 
oratories, Lakewood, CO), and core cooling began 
immediately. When nasopharyngeal and rectal tem- 
peratures of 14-18°C were attained, perfusion was 
stopped and the intracardiac repair was performed 
during total circulatory arrest of 12-57 min. 

After repair of the defect, perfusion was resumed 
and the patient rewarmed. All patients received an 
infusion of sodium nitroprusside 2—4 gkg min”! 
during warming CPB. When temperature was 37°C 
and hemodynamic stability was present, CPB was dis- 
continued. All patients were given calcium chloride 
10-20 mg/kg at this point. After cessation of CPB, 
three patients required infusion of dopamine 5-15 
ugkg`'min™ tand two required isoproterenol 0.1-0.2 
ugkg`!min™!. AFP monitoring was discontinued 30 
min after cessation of CPB. Cerebral perfusion pres- 
sure (CPP) was estimated using the formula CPP = 

AFP 


— 


Statistical analysis of the data was performed using 
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Table 1. Pressure Changes During Cardiopulmonary Bypass and Circulatory Arrest 
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Pre- rB Circulatory Warming Warming 

(baseline) Cooling CPB arrest CPB peak CPB Post-CPB 
Duration {min} — 10.3 + 2.3 41.5 2 14.1 30-2 15 Shee Lae = 
AFP (mm Hg) 6.3 + 2.6 5.9 + 3.3 2.9 4 a 13° 10.7 + 4.9% 49+ 1.5 So 25 
MAP (mm Hg) IAY 44 t 7” a 60 + 10 a7 0 5548 
CPP (mm Hg) 47 + HI 36 t 7 + 4" 49 + 12 42 + 10 BO. 10 
Poco: (mm He) 34 +8 34 5 poe Ha 29 24 5 32 + 3 


Values are means + spon = HO. 


Abbreviations: CPB, cardiopulmonary bypass; AFP, anterior fontanel pressure; MAF, mean arterial pressure; CPP, estimated cerebral perfusion pressure. 


“Significantly different from control (P = 0.05). 


repeated measures analysis of variance and the paired 
t-test. A correlation coefficient was calculated to de- 
termine the correlation of AFP change with duration 
of HCA. Statistical significance was assumed when 
P < 0.05. 


Results 


The results are summarized in Table 1 and depicted 
in Figure 1. A significant (P < 0.01) decrease in AFP 
occurred at the time of circulatory arrest in all patients. 
Immediately upon initiation of warming CPB after 
HCA, AFP increased to a level significantly (P < 0.05) 
above baseline (prior to cooling CPB). This increase 
was transient in all patients, lasting from 2 to 6 min 
(mean 3.6 min). AFP then decreased to a level not 
different from baseline for the duration of the study. 
The amount of increase in AFP did not correlate with 
duration of HCA. 


Discussion 


This study demonstrates a consistent, transient, sta- 
tistically significant increase in AFP during the first 
few minutes of warming CPB after HCA. MAP in- 
creased slightly during this time, but not significantly 
above baseline levels. 

Other physiologic changes associated with HCA 
may help explain the increase in AFP. Johnston et al. 
(2), observed hypercarbia and respiratory acidosis 
during the first 5 min of initial reperfusion after HCA, 
but not later during warming CPB. Blood pressure (1) 
and plasma catecholamine levels (3) are transiently 
elevated during initial warming CPB. Cerebral blood 
flow (CBF) is increased by hypercarbia (13), and au- 
toregulation of CBF is impaired by acidosis and hy- 
poxia (14). It is possible, therefore, that autoregulation 
of CBF, impaired during HCA, becomes reestablished 
only after several minutes of warming CPB, thus al- 
lowing AFP to increase “unregulated” with MAP and 
CBF during initial reperfusion. Because hypothermia 
alone is associated with reductions in CBF (15,16) and 
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Figure 1. Changes in anterior fontanel pressure and mean arterial 
pressure in infants undergoing cooling cardiopulmonary bypass 
(CCPB), hypothermic circulatory arrest, and warming cardiopul- 
monary bypass (WCPB). Asterisk denotes values significantly dif- 
ferent (P< < 0.05) from control (pre-CPB). 


ICP (17) and an increase in cerebral vascular resistance 
(15), further data during profound hypothermia and 
HCA will be necessary to elucidate the mechanism of 
AFP increase that we observed. 

The anesthetic drugs administered to our patients 
probably did not significantly affect AFP during the 
study. Isoflurane causes a dose-related increase in ICP 
during normocarbia (18,19) but not during hypocarbia 
(184. Our patients received low-dose isoflurane during 
mild to moderate hypocarbia (Table 1). Fentanyl tran- 
siently decreases CBF (20), maintains cerebral vas- 
cular responsivity (21), and probably has little effect 
on ICP. 

Phenytoin and methylprednisolone were given to 
our patients prior to cooling CPB. Phenytoin de- 
creases cerebral metabolic rate and increases CBF (22). 
Another corticosteroid, dexamethasone, decreases 
brain edema in neurosurgical patients (23). We do not 
know whether these drugs affected AFP during this 
study. 

Nitroprusside infusion via the internal jugular vein 
was started at the onset of warming CPB. It is con- 
cervable that this drug contributed to the short du- 
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ration of increased AFP. Because of the catheter dead- 
space and the extracorporeal circuit volume, we expect 
that the effects of nitroprusside would not be ob- 
served for several minutes. Although the cerebral vas- 
culature may already have been dilated by the hy- 
percarbia and hypoxia associated with HCA (2,13,14), 
systemic vasodilation by nitroprusside, occurring atter 
a few minutes of reperfusion, could have increased 
the capacity of the systemic vasculature to accept the 
rise in blood volume, thus lowering cerebral blood 
volume and pressure. 

Infusions of dopamine or isoproterenol, when in- 
dicated, were not started until late in warming CPB; 
thus they did not affect the observed AFP changes. 

If observed changes in AFP were found to be del- 
eterious to the patient, it may be possible to phar- 
macologically prevent AFP increases with barbitu- 
rates (13). Such treatment might, however, be 
accompanied by undesirable impairment of myo- 
cardial function. 

Although there are potential deleterious effects of 
a significant AFP increase, we are not able to conclude 
that the observed AFP changes are of clinical impor- 
tance. The increase of AFP during initial reperfusion 
after HCA could cause a reduction in CPP if MAP 
decreased. This did not happen in our patients, in 
whom MAP and, thus, estimated CPP were insignif- 
icantly above control levels (Table 1). 

Postoperative neurologic impairment was not ob- 
served in our patients. A long-term study has shown 
a correlation between impairment of intelligence and 
duration of HCA (5), but the AFP changes were sim- 
ilar in all of our patients, regardless of HCA duration. 

Finally, the highest mean AFP, 10.7 mm Hg, al- 
though significantly above control levels in our pa- 
tients, is still within the range of normal AFP in un- 
anesthetized neonates reported by other investigators 
using the Ladd monitor (6-8). 

We conclude that a transient increase in AFP occurs 
during the initial reperfusion of CPB after HCA in 
infants. Although the increase was of statistical sig- 
nificance, it is probably of minimal clinical signifi- 
cance. The peak AFP levels were modest, and im- 
pairment of CPP or postoperative neurologic function 
was not demonstrated. Studies of CBF associated with 
HCA may elucidate the mechanism, and further stud- 
ies of neurologic sequelae may determine its clinical 
importance. 
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Morphine Antagonism with 
Nalbuphine 


To the Editor: 


The recent paper by Bailey et al. (1) provides timely insight 
into the resurgent use of mixed agonist—antagonist opioids 
to reverse opioid-induced respiratory depression. How- 
ever, to fully understand the study, one must reexamine 
the nature of the interaction between the pure opioid ag- 
onists and the mixed compounds first noted three decades 
ago with nalorphine and morphine (2) and elucidated more 
fully a decade later (3). 

The net effect of an agonist—antagonist opioid in a patient 
given a pure opioid agonist depends on how depressed the 
patient is to begin with. The interaction with a pure opioid 
agonist converges to a point that corresponds to the limited 
maximum effect or “ceiling” of the agonist-antagonist. If 
the existing effects of the agonist opioid at the time the 
agonist-antagonist opioid is given greatly exceed this ceil- 
ing effect, the agonist-antagonist will reverse the agonist 
by substituting its limited respiratory depression, analgesia, 
and sedation for the more marked effects of the agonist. If, 
as in the study of Bailey et al. (1), the agonist effect ap- 
proximates the ceiling effect of the agonist-antagonist, little 
or no change will be noted after administration of the ag- 
onist-antagonist. In keeping with this, in the study by Bai- 
ley et al. nalbuphine had little or no effect on the existing 
morphine effect. The prolonged respiratory depression noted 
after nalbuphine administration was essentially the effect 
of the agonist—antagonist, because the morphine action had 
already begun to decrease as indicated by data following 
placebo “reversal” with saline. 

The authors appropriately suggest that a larger dose of 
morphine, such as 0.4 mg/kg, would have been more likely 
to demonstrate a reversal effect with nalbuphine. They state 
that nalbuphine may not be reliable in reversing lesser an- 
algesic doses of morphine. It would appear more correct to 
state that nalbuphine is inappropriate in such cases because 
it has a similar magnitude of effect. 

Clinical observations after pure opioid agonist anesthesia 
confirm the efficacy of nalbuphine in reversing severe res- 
piratory depression (4). Such studies also suggest that re- 
versal of sufficient duration to prevent significant renar- 
cotization requires a dose of nalbuphine that produces the 
drug's maximal or ceiling effect (i-e., about 0.2 mg/kg). The 
effects of such nalbuphine doses are emphasized by the 
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data of Bailey (1) and others (5-7). Therefore, one should 
not expect to find a completely awake normocapneic pa- 
tient. 


Thomas f. Gal, MD 
Department of Anesthesiology 
University of Virginia 
Charlattesetlie, VA 22908 
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Hazards of Amnesia after Midazolam 
in Ambulatory Surgical Patients 


To the Editor: 


Since its recent release, midazolam has become popular as 
an intravenous premedicant for ambulatory surgical pa- 
tients. This popularity is due to the drug’s lack cf pain on 
injection or phlebitis and the excellent sedation provided 
(1,2). However, several ambulatory patients have com- 
plained that they do not remember meeting their surgeon 
or anesthesiologist before the operation, and query whether 
they were indeed present. Further investigatior revealed 
that these patients had received midazolam, 2 mg IV, in 
the preoperative waiting area. We caution against the 
administration of midazolam until after all significant per- 
soanel have identified themselves to the patient and all 
questions have been answered. 

There is also the potential hazard of amnesia for post- 
operative instructions, although this has not occurred in 
our experience. The duration of amnesia after 5 mg mida- 
zolam has been reported as 20-60 or more minutes (3,4), 


which encompasses the recovery period for several am- 
bulatory procedures. It is important that all patients who 
have had ambulatory anesthesia or sedation receive written 
as well as verbal discharge instructions, particularly if these 
patients have been given even modest doses of midazolam. 


Beverly K. Philip, MD 
Director, Day Surgery Unit 

t of Anesthesia 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, MA 02115 ` 
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Three Components of Anesthesia: 
One More Reason to Accept 
the Concept 


To the Editor: 


Dr. Pinsker presented the concept that paralysis (absence 
of movement or skeletal muscle tone in the operative field), 
unconsciousness, and attenuation of stress response (heart 
rate, blood pressure) are the three necessary and sufficient 
components of anesthesia (1). His concept has important 
differences from the concept of four components of anes- 
thesia suggested by Woodbridge: sensory block, motor block, 
block of reflexes, and mental block (2). The basic differences 
consist. of exclusion of analgesia’ (sensory block) as a com- 
ponent of anesthesia in Pinsker’s concept and substitution 
of Woodbridge’s block of reflexes by a similar notion of 
attenuation of stress response. The viability of this approach 
is shown by the mere fact that another similar concept was 
_ presented 30 years after Woodbridge’s attempt to divide 
anesthesia into components and achieve them using dif- 
ferent means. m 

We would like to present an additional reason to accept 
the concept of three components of anesthesia. The reason 
is based on the fact that interactions of various drugs used 
to provide anesthesia can be different for different com- 
ponents of anesthesia. For example, it was found that fen- 
tanyl-thiopental interaction results in antagonism for block- 
ade of purposeful movement response to noxious stimulation 
(paralysis according to Pinsker’s terminology) and at the 
same time in synergism in relation to the hypnotic effect 
(unconsciousness) (3). Morphine and halothane interact to 
provide summation in relation to the blockade of purposeful 
movement to noxious stimulation (paralysis) and antago- 
nism in relation to attenuation of heart rate response to the 
same stressful stimulation (stress response) (4). Reserpine 
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enhances the hypnotic effect of fentanyl (unconsciousness) 
and antagonizes its effect on the motor response to noxious 
stimulation (paralysis) (5). In our opinion, it is quite diffi- 
cult, or perhaps impossible, to study the interactions of 
anesthetic agents without analyzing their combined effects 
on each of the components of anesthesia separately. 


Igor Kissin, MD, PhD 

Simon Gelman, MD, PhD 
Department of Anesthesiology 

School of Medicine 

University of Alabama at Birmingham 
Birmingham, AL 35294 ` 
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Avoidance of Recall during General 
Anesthesia for Cesarean Section 


To the Editor: 


The comparison by Schultetus et al. of ketamine and thio- 
pental induction for cesarean section identified ketamine’s 
advantage in contributing to amnesia (1). Concerning neo- 
natal impact, methohexital (Brevital) apparently offers no 
further advantage (2). 

But what about those first 10 minutes of anesthesia, until 
delivery, that was associated with an eight per cent inci 
dence of recall in Schultetus’s patients (1)? An induction 
drug plus 70% nitrous oxide (1) need not be the limits of 
obstetrical general anesthesia prior to delivery. One-half 
MAC of a halogenated anesthetic combined with 70% N20 
will insure amnesia (3), preserve uterine tone (4), yet avoid 
neonatal depression (5). 

The continued judicious use of volatile anesthetics (5} 
can obviate the problem of awareness addressed by Schul- 
tetus et’al. (1) by providing patients with a complete an- 
esthetic. | 


Daniel B. Gould, MD 
Creve Coeur, MO 63141 
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Drug Therapy During Pregnancy 
T.K.A.B. Eskes and M. Finster, eds. London: 
Butterworths, 1985, 230 Pp, $85.00. 


Currently there is great interest in the fetal and neonatal 
effects of drugs used during pregnancy. This is reflected by 
the recent introduction of Drug Therapy During Pregnancy, 
a 12-chapter, multiauthored text edited by two noted peri- 
natal pharmacologists. Recognizing that antepartum and/or 
intrapartum maternal drug therapy is often necessary, this 
book reviews not only the fetal and neonatal effects of ma- 
ternally administered drugs, but also the indications, effi- 
caciousness, and pharmacokinetics of a wide variety of drugs 
used during pregnancy. As stated in the preface, the editors 
hope that the provision of this information will “enable the 
Practitioner to make rational decisions in terms of risk to 
benefit ratio as far as both the mother and the fetus are 
concerned.” 

The first three chapters of the book are general in nature 
and discuss current trends in the use of drug therapeutics 
during pregnancy, the pharmacokinetics of the maternal- 
fetal unit, and the pathogenesis of congenital malforma- 
tions. The next seven chapters review and summarize the 
literature regarding the clinical use and the fetal/neonatal 
effects of specific classes of pharmacologic agents admin- 
istered during Pregnancy: antihypertensives, nonsteroidal 
antiinflammatory agents, anticonvulsants, hormonal ther- 
apy, anesthetics, oxytocic agents, and B-adrenergic ago- 
nists. The final two chapters discuss drug-induced fetal heart 
rate changes and teratogenic/carcinogenic toxicology, 

Although this reviewer finds the book’s British style of 
in-text referencing to be quite distracting, the text has, to 
its credit, very few typographical and spelling errors. Fur- 
thermore, despite its small size, the book covers an exten- 
sive variety of drugs, with cardiac glycosides, tricyclic anti- 
depressants, and anticoagulants the only omissions. 

As in any multiauthored text, certain chapters seem 
stronger than others. This reviewer found the chapters on 
anticonvulsants, hormonal therapy, and anesthetics to be 
particularly well-written and informative. Examples of 
weakness include the chapters on antihypertensives and 
drug-induced changes in fetal heart rate. The former cites 
extremely outdated references to support the claim that 
ganglionic blockers should not be used during pregnancy. 
In addition, this chapter fails to mention the use of nitro- 
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glycerin as an antihypertensive drug. The chapter on fetal 
heart rate changes repeatedly cites statistical analyses of 
drug-induced changes in both the long-term irregularity 
index and the interval difference index, two indices of fetal 
heart rate variability. However, nowhere in the caapter is 
there any indication of either how these indices are mea- 
sured and calculated, or even the units in which they are 
expressed. 

The obstetric anesthesiologist and the practicing obste- 
frician will find this book to be a good resource for infor- 
mation regarding the clinical treatment of problems requir- 
ing pharmacologic therapy during pregnancy and as a 
reference source for drug-induced fetal and neonatal effects. 
The practicing clinical anesthesiologist who spends the ma- 
jority of his or her time outside of the obstetric suite, how- 
ever, will find very little in this book that he or she will use 
in the day-to-day practice of anesthesia. 


Thomas M. Warren, mp 
Assistant Professor 

Department of Anesthesia 

Indiana University School of Medicine 
Indianapolis, IN 46223 
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Patient-Controlled Analgesia 
M. Harmer, M. Rosen, and M.D. Vickers, eds. London: 


Blackwell Scientific Publications, 1985, 199 pp, $30.25, 


This book is a compilation of papers presented at the pro- 
ceedings of the First International Workshop on Patient 
Controlled Analgesia (PCA) held in the UK in 1984. It con- 
sists of 11 chapters divided into four sections with a total 
of 199 printed pages interspersed with numerous graphs, 
figures, and tables. There are also two color plates illus- 
trating seven PCA models now available in the USA and 
Europe. The list of authors is impressive and represents the 
researchers, clinicians, and members of PCA industry from 
both sides of the Atlantic. The sections are divided appro- 
priately to present research into analgesic drugs, basic con- 
cepts of PCA equipment development, clinical PCA regi- 
mens, and future roles of PCA. A foreword written by E.M. 
Papper rationalizes the need tor concepts of PCA and how 
it differs from previous thrusts of developing new analgesic 
drugs for providing adequate postoperative pain relief. The 
editors hope that this book will be of interest to those al- 
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ready using PCA methods and will answer many of the 
questions posed by clinicians. The chapters are concise and 
written by established authorities on PCA. Each chapter 
illustrates a certain point but is not complete by itself. 

Section 1 describes the terminology used in patient con- 
trolled analgesia, the pharmacokinetics of opioid analgesics 
with special reference to PCA, patient characteristics influ- 
encing pain relief, and clinical traits of analgesic drugs. In 
Section 2, the authors explore the theoretical and practical 
requirements for PCA systems. In Section 3, comparisons 
are made of PCA with alternative techniques, practical ex- 
perience obtained for postop pain via PCA for obstetrics, 
terminal cancer, and use of PCA for epidural opiate admin- 
istration. In Section 4, the authors summarize their impres- 
sions of the cost, patient selection, methods of delivery, 
choice of agent, patient safety, efficacy of PCA, and its 
future role in clinical practice. 

Some of the chapters are of poor quality and do not have 
enough depth; however, this 1s to be expected from pub- 
lications converted from papers presented at proceedings. 


BOOK REVIEWS 


This reviewer was particularly impressed with the material 
presented in the following chapters: Chapter 2, pharma- 
cokinetics of opioid analgesics; and Chapter 5, modeling, 
estimation, and control for demand analgesia. They are well- 
written and concise, and they provide easy to understand 
diagrams and tables. Most of the other chapters are easy to 
understand but do have a drawback of being very short. 
This monograph has achieved what it had set to do, i.e., 
describe the state of the art of PCA and answer the com- 
monly asked questions about its techniques. However, if 
the same authors had set out to write a book rather than 
compile presentations of the proceedings, they would have 
produced a better product. Because PCA technique is in- 
creasingly being used in clinical practice today, I do con- 
gratulate the editors and the publisher for their foresight in 
bringing the much needed updated material on the subject. 
P. Prithvi Raj, MD 
Director, Pain Control Center 
University of Ciacmnat Medical Center 
Cincinnati, OH 45267 


Erratum 


Azad SS, Maguire D, Goldberg ME. Junctional Rhythm Can Mimic Air Embolism 
during Precordial Doppler Monitoring. Volume 65, Number 10, October 


1986. 


Page 1084: 


The authors wish to inform readers that Figures 1 and 2 were inadvertently 


mislabeled. Thus the figure legen 


ds should be reversed. 


A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, mp 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 

Anesthesia and Analgesia, the oldest publication for the specialty of 
anesthesiology, is the official voice of the International Anesthesia 
Research Society. It publishes original articles, clinical reports, tech- 
nical communications, review articles, and letters to the editor. 

All papers are reviewed by three or more referees, Acceptance 
is based upon significance, originality, and validity of the materia! 
presented. Only one copy of the articles not accepted for publi- 
cation will be returned to the author. 

The submitted man uscript should be accompanied by a covering 
letter that must include a statement to the editor about all sub- 
missions and previous reports that might be regarded as prior or 
duplicate publication of the same, or very similar, work. The title 
page and abstract of such material should be included with the 
submitted manuscript to help the editor decide how to deal with 
the matter. 

Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals,” reprinted in Annals of Internal Medicine 
1982;96:766-71 and Lancet 1982;284:1766-70. 

No manuscripts describing investigations carried out in hu- 
mans will be accepted for publication unless the text states that 
the study was approved by the authors’ institutional human in- 
vestigation committee and that written informed consent was ob- 
tained from all subjects or, in minors, by parents. No manuscri pt 
describing investigations in animals will be accepted for publi- 
cation unless the text states that the study was approved by the 
authors’ institutional animal investigation committee. 

Human subjects should not be iden tifiable. Do not use patients’ 
names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below 
for preparation of manuscripts: 


General 


(] Original articles describe in 3000 words or less clinical or labo- 
ratory investigations. 

© Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment 
of demonstrable originality, usefulness, and safety, 

LJ Technical communications are papers that deal with instrumen- 
tation and analytic techniques. 

C Review articles of 2500 to 4000 words collate, describe, and eval- 
uate previously published material to aid in evaluating new 
concepts, 

[C] Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles 
or brief notations of general interest. The manuscripts must be 
double spaced, and a title and three copies must be provided. 

[J] Type manuscripts on white bond Paper, 216 by 279 mm (8! by 
1] in.) or ISO A4 (212 by 297 mm) with margins or at least 25 
mm (1 in) using double spacing throughout. 

[Q Begin each of the tollowing sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, ta- 
bles (each table, complete with title and footnotes, should be on 
a separate page), and legends. Type only on one side of the 
paper and number pages consecutively, beginning with the title 
page. Type the page number :n the upper right-hand corner of 
each page. 
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(| Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and permissions to reproduce previously pub- 
lished materials or to use illustrations that may identify subjects, 


C Authors should keep copies of everything submitted. 


Title Page 

(_] The title page should contain the title of the article, which should 
be concise but informative: 

(| A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

C} First name, middle initial, and last name of each author, with 
highest academic degree(s); 


[| Name of department(s) and institution(s) to which the work 

O) Disclaimers, if applicable; 

Li Name and address of author responsible for correspondence 
ebout the manuscript. 


C] Name and address of author to whom requests for reprints should 
be addressed, or a statement that reprints will not be available 
from the author; 


[I The source(s) of support in the form of grants. 


Abstract and Key Words 

C} The second page should carry an abstract of not more than 150 
words. (Abstracts are not needed for Clinical Reports.) 

L] The abstract should state the purposes of the study or investi- 
gation, basic procedures (study subjects or experimental ani- 
mals; observational and analytic methods), main fincings (give 
specific data and their statistical significance, if possible), and 
‘he principal conclusions, Emphasize new and important aspects 
of the study or observations. 

LJ Define all abbreviations except those approved by the Interna- 
‘ional System of Units, 

C] Key (indexing) terms: Below the abstract, provide (and identify 
as such) 3 to 10 key words or short phrases that will assist 
indexers in cross indexing the article and that may be published 
with the abstract. 


Text 


cy! 
ioi 


Li The text of observational and experimental articles is usually — 
but not necessarily—divided into sections with the headings 
introduction, Methods, Results, and Discussion. 

C Case reports, reviews, and editorials do not require the above 
sections, 

(J ‘troduction: Clearly state the purpose of the article. Summarize 

the rationale for the study or observation. Give only strictly 

pertinent references, and do not review the subject extensively, 

Methods: Describe the selection of observational or experimental 


subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name 
and address in parentheses}, and procedures in sufficient detail 
to allow other workers to reproduce the results. Give references 
‘0 established methods, including statistical methods: provide 
references and brief descriptions ror methods that have been 
published but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate 
their limitations. 

] identify precisely all drugs and chemicals used, including ge- 
nerie name(s), dosage(s), and route(s) of administration. 


hes 
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M Results: Present the results in logical sequence in the text, tables, 
and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations; emphasize or summarize only im- 
portant observations. l 


m Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with goals of the study but avoid unqualified statements and 
conclusions not completely supported by the data. 

m Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. 


References 

All references must be available to all readers. Cite only references 

to books and articles or abstracts published in peer reviewed Index 

Medicus journals. Abstracts appearing only in programs of meeting 

are not acceptable, nor are abstracts more than five years old. 

m Number references consecutively in the order in which they are 
first mentioned in the text, except in review articles when ref- 
erences may be arranged alphabetically. 

c Identify references in text, tables, and legends by arabic numbers 
(in parentheses, on line) 

m Use the style of the examples below, which are based on the 
format used by the US National Library of Medicine in Index 
Medicus. 

r The titles of journals must be abbreviated according to the style 
used in Index Medicus. 


m References must be verified by the author(s) against the original 
documents. 


m Examples of correct forms of references are given below: 


Journals: 


1. Standard Journal Articles (List all the authors when six or less; 
when seven or more, list only the first three and add et al.) 
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic 
study of patients with unexplained nausea, bloating and vom- 
iting. Gastroenterology 1980;79:311-4 

2. Personal author(s) books and monographs 
Eisen HN. Immunology: an introduction to molecular and 
cellular principles of the immune response. 5th ed. New York: 
Harper and Row, 1974:406. 


3. Chapter in a book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease, Philadelphia: 
WB Saunders, 1974:457-72. 


Tables 

c Type each table double spaced on a separate sheet. Do nat sub- 
mit tables as photographs. 

m Number tables consecutively and supply a brief title for each. 
Give each column a short or abbreviated heading. 

m Place explanatory matter in footnotes, not in the heading. Ex- 
plain in footnotes all nonstandard abbreviations that are used 


in each table. For footnotes, use lowercase italicized letters in 
alphabetical order. 


m Do not use internal horizontal or vertical rules. 
m Cite each table in the text in consecutive order. 


c If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


Illustrations 


M Submit three complete sets of figures. Figures should be in black 
and white only and professionally drawn and photographed; 
freehand or typewritten lettering is unacceptable. Note: Art work 
of published articles will not be returned. 

c Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm. 

q Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of 
the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them by using paper clips. 
Do not bend figures. 

M Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 


m Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 


Legends for Hlustration 


(J Type legends for illustrations double spaced starting on a sep- 
arate page, with arabic numerals corresponding to the illustrations. 


C] When symbols, arrows, numbers, or letters are used to identify 
parts of the illustrations, identify and explain each one clearly 
in the legend. 

Abbreviations 

c The full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of measurement. 
Avoid abbreviations in the title. 


(] Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the 
start of the article. 


M Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 4th ed. Arlington, Virginia: Council of 
Biology Editors, 1978; and 

> O'Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amster- 
dam: Elsevier-Excerpta Medica, 1975. 


Exclusive Publication Statement 


m The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manu- 
script has been published previously nor is any of this material 
currently under consideration for publication elsewhere. 


m] Authors will be asked to transfer copyright of articles accepted 
for publication to the International Anesthesia Research Society. 
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NEW...UNTINUUUS INFUSIUN 


Smoother control 


Continuous infusion represents a significant advance in 
the delivery of nondepolarizing neuromuscular blockade. 
Continuous infusion of TRACRIUM" (atracurium besylate) 
offers advantages over repeated bolus doses of inter- 
mediate or long-acting neuromuscular blockers for 
maintaining smoother, continuous muscle 

relaxation in procedures ranging ~; 
from 30 minutes to several hours. KS 


Unique metabolism— 
ideal for infusion “ge 


The intermediate duration of TRACRIUM* 

allows rapid and accurate titration of 

neuromuscular blockade throughout the 

procedure, unlike longer-acting agents. 

The unique metabolism, independent of liver 

or kidney function, eliminates the need for age- 
related adjustments. TRACRIUM™ also produces 

no cumulative effects when infusion dosage rate is 
administered and monitored so as to maintain neuro- 
muscular block between 89% and 99%. This results in a 
recovery profile similar to an initial bolus dose. 


Patients receiving TRACRIUM® by continuous infusion 

should be monitored carefully to assure continuous, ade- 
quate control of neuromuscular blockade throughout the 
procedure. Infusion requirements for each patient must be 
individualized, based on monitoring of the twitch response. 


Convenient to prepare 


To prepare a 0.5 mg/mL solution for infusion, mix 5 mL 
TRACRIUM" (atracurium besylate) with 95 mL of diluent 
(Dextrose 5%, 0.9% Sodium Chloride Injection, or 
Dextrose 5%/Sodium Chloride 0.9% Injection). Infusion 
solutions should be used within 24 hours. Lactated 
Ringers Injection is not recommended for preparation 
of TRACRIUM*® infusion solutions. 





NEW 
CONTINUOUS INFUSION 


Burroughs Wellcome Co. 
Research Triangle Park 


* « Wolicome North Carolina 27709 


TRACRIUM (atracurium besylate) 


Predictable recovery 


Spontaneous recovery following discontinuation of 
TRACRIUM® infusion may be expected to proceed at 
the same predictable rate, comparable to that following 
an initial bolus dose. 


Guidelines for administration 


Initial loading dose: Administer an initial bolus dose of 
0.3-0.5 mg/kg (approximately 21-35 mg in a 70 kg adult). 


Initial infusion dose: Infuse TRACRIUM*® at a rate of 9-10 
/ ug/kg/min to maintain 89-99% neuromuscular block- 

ade until steady-state relaxation is achieved. Dosage 

should be titrated to the individual patient’s needs. 


Maintenance infusion dose: Once steady-state neuro- 
muscular blockade is achieved, an infusion rate of 

5-9 ug/kg/min is adequate to maintain continuous 
blockade in the 89-99% range for most patients under 
balanced anesthesia. Occasional patients may require 
as little as 2 ug/kg/min, or as much as 15 ug/kg/min 








for maintenance. 
Dose Calculations: 
TRACRIUM INFUSION INFUSION DELIVERY RATE 
DELIVERY RATE 0.5 mg/mL SOLUTION 
Lig/kg/min mL/kg/min mL/kg/hr 
5 0.010 0.60 
6 0.012 0.72 
7 0.014 0.84 
8 0.016 0.96 
9 0.018 1.08 
10 0.020 1.20 





Maintenance infusion rates should be reduced by 
approximately one-third in the presence of steady- 
state enfiurane or isoflurane; smaller reductions are 
required for halothane. Hypothermia (25°C-28°C) can 
prolong the effect of surgical relaxation, so infusion 
rate should be reduced by about one-half during the 
hypothermic period. 





TRACRIUM 


Available in cost-effective multi-dose vials 


Please see brief summary of prescribing information on the following page 
ie Copr ©1986 Burroughs Wellcome Co. All rights reserved. k °° 


TRACRIUM® INJECTION 
(atracurium besylate) 


This drug should be used only by adequately trained individuals familiar with its actions. 
characteristics, and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY 
AVAILABLE FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING 
ADMINISTRATION OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE 
ASSURED THROUGH ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE 
REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold. or cerebration. it should be used 
only with adequate anesthesia. 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions {é.9.. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous 
infusion through the same needle. Depending on the resultant pH of such mixtures, Tracrlum may 
be inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibility of substantial histamine release in sensitive individuals must be 
considered. Special caution should be exercised in administering Tracrium to patients in whom 
substantial histamine release would be especially hazardous (e.g., patients with clinically 
significant cardiovascular disease) and in patients with any history {e.g., severe anaphyiactoid 
reactions or asthma) suggesting a greater risk of histamine release. in these patients, the 
recommended initial Tracrium dose is lower (0.3 to 0,4 mg/kg) than for other patients and should 
be administered slowly or in divided doses over one minute. 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage 
range, it will not counteract the bradycardia produced by many anesthetic agents or vagal 
stimulation. As a result, bradycardia during anesthesia may be more common with Tracrium than 
with other muscle relaxants. 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing agents has 
deen noted. The use of a peripheral nerve stimulator is especially important for assessing 
neuromuscular blockade in these patients. Similar precautions should be taken in patients with 
severe electrolyte disorders or carcinomatosis. 


The safety of Tracrium has not been established in patients with bronchial asthma. 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium 
include: enflurane; isoflurane; halothane: certain antibiotics, especially the aminoglycosides and 
polymyxins; lithium: magnesium salts: procainamide: and quinidine. 


if other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered. 


Pregnancy: Teratoegenic Effects: Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. Tracrium should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: it is not known whether muscle relaxants administered during vagina! 
delivery have immediate or delayed adverse effects on the fetus or increase the likelihood that 
resuscitation of the newborn will be necessary. The possibility that forceps delivery will be 
necessary May increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, 
although smali amounts of Tracrium were shown to cross the placental barrier. The possibility of 
respiratory depression in the newborn infant should always be considered following cesarean 
section during which a neuromuscular blocking agent has been administered. in patients 
receiving Magnesium sulfate, the reversal of neuromuscular blockade may be unsatisfactory and 
Tracrium dose should be lowered as indicated. 


Nursing Mothers: it is not known whether the drug is excreted in human milk. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive clinical trials. Most were suggestive of histamine release (see Precautions Section). 
The overall incidence rate for clinically important adverse reactions was 7/875 or 0.8%. 


Most adverse reactions were of little clinical significance unless they were associated with 
significant hemodynamic changes. Substantial vital sign changes greater than 30% observed in 
530 patients, without cardiovascular disease, were as follows: in those patients given the recom- 
mended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased 
in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% of these 
patients with 0 % change in heart rate. At doses of > 0.60 mg/kg, 14.3% of the studied patients 
had a decrease in mean arterial pressure while 4.8% had an increase in heart rate. 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom 
of approximately 3 million patients given Tracrium the following adverse reactions are among the 
most frequent reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare 
instances, were severe (6.9., cardiac arrest): Musculoskeletal: inadequate, prolonged block: 
Cardiovascular: hypotension, tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm, 
laryngospasm, integumentary: rash, urticaria, injection site reaction. 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously. DO NOT GIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 
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Bolus Doses for Intubation and Maintenance of Neuromuscular Blockade: 

Adults: A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus injection, is the 
recommended initial dose for most patients. With this dose, good or excellent conditions for 
nonemergency intubation can be expected in 2 to 2.5 minutes in most patients, with maximum 
neuromuscular blockade achieved approximately 3 to 5 minutes after injection. Clinically required 
neuromuscular blockade generally lasts 20 to 35 minutes under balanced anesthesia. Under 
balanced anesthesia, recovery to 25% of control is achieved approximately 35 to 45 minutes after 
injection, and recovery is usually 95% complete approximately 60 minutes after injection. 


Tracrium is potentiated by isoflurane or enflurane anesthesia, The same initial Tracrium dose of 
0.4 to 0.5 mg/kg may be used for intubation prior to administration of these inhalation agents: 
however, if Tracrium is first administered under steady state of isoflurane or enflurane. the initial 
Tracrium dose should be reduced by approximately one-third. i.e., to 0.25 to 0.35 mg/kg, to 
adjust for the potentiating effects of these anesthetic agents. With halothane, which has only a 
marginal (approximately 20%) potentiating effect on Tracrium. smaller dosage reductions may 
be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended for maintenance of neuromuscular 
blockade during prolonged surgical procedures. The first maintenance dose will generally be 
required 20 to 45 minutes after the initial Tracrium injection, but the need for maintenance doses 
should be determined by clinical criteria. 


Children and infants: No Tracrium dosage adjustments are required for pediatric patients two 
years of age or older. A Tracrium dase of 0.3 to 0.4 mg/kg is recommended as the initia! dose for 
infants (1 month to 2 years of age) under halothane anesthesia. Maintenance doses may be 
required with slightly greater frequency in infants and children than in adults. 


Special Considerations: An initial Tracrium dose of 0.3 to 0.4 mg/kg, given siowly or in divided 
doses over one minute, is recommended for adults, children, or infants with significant 
cardiovascular disease and for adults, children. or infants with any history (e.9., severe 
anaphylactoid reactions or asthma} suggesting a greater risk of histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, severe 
electrolyte disorders, or carcinomatosis in which potentiation of neuromuscular blockade or 
difficulties with reversal have been demonstrated. There has been no clinical experience with 
Tracrium in these patients, and no specific dosage adjustments can be recommended. No 
Tracrium dosage adjustments are required for patients with renal disease. 


Use by infusion: After administration of a recommended initial bolus dose of Tracrium (0.3 to 0.5 
mg/kg), a diluted solution of Tracrium can be administered by continuous infusion to adults and 
children aged 2 or more years for maintenance of neuromuscular blockade during extended 
surgical procedures. Infusion of Tracrium should be individualized for each patient. The rate of 
administration should be adjusted according to the patient's response as determined by 
peripheral nerve stimulation. 


Infusion of Tracrium should be initiated only after early evidence of spontaneous recovery from 
the bolus dose. An initial infusion rate of 9 to 10 g/kg/min may be required to rapidly counteract 
the spontaneous recovery of neuromuscular function. Thereafter, a rate of 5 to 9 g/kg/min 
should be adequate to maintain continuous neuromuscular blockade in the range of 89 to 99% 
in most pediatric and adult patients under balanced anesthesia. 


The neuromuscular blocking effect of Tracrium administered by infusion is potentiated by 
enflurane or isoflurane and, to a lesser extent, by halothane. Reduction in the infusion rate of 
Tracrium should, therefore. be considered for patients receiving inhalation anesthesia. The rate of 
Tracrium infusion should be reduced by approximately one-third in the presence of steady-state 
enfiurane or isoflurane anesthesia; smaller reductions should be considered in the presence of 
halothane. in patients undergoing cardiopulmonary bypass with induced hypothermia, the rate of 
infusion of Tracrium required to maintain adequate surgical relaxation during hypothermia (25° 
to 28°C) has been shown to be approximately half the rate required during normothermia. 


Spontaneous recovery from neuromuscular blockade following discontinuation of Tracrium 
infusion may be expected to proceed at a rate comparable to that following administration of a 
single bolus dose. 


Tracrium infusion solutions may be prepared by admpang Tracrium Injection with an appropriate 
diluent such as 5% Dextrose Injection USP 0.9% Sodium Chioride Injection USP. or 5% 
Dextrose and 0.9% Sodium Chloride Injection USP. Infusion solutions should be used within 24 
hours of preparation. Spontaneous degradation of Tracrium has been demonstrated to occur 
more rapidly in lactated Ringer's solution than in 0.9% sodium chloride solution, Therefore, it is 
recommended that Lactated Ringer's injection USP not be used as a diluent in preparing 
solutions of Tracrum for infusion. 


The amount of infusion solution required per minute will depend upon the concentration of 
Tracrium in the infusion solution and the dose of Tracrium desired (see table}. 


Tracrium (atracurium besylate}—Rates of 
Infusion for Concentrations of 0.2 and 0.5 mg/m 


intusion Delivery Rate (mi/kg/min} 
Drug Delivery Rate 


(.9/kg/min) 





0.2 mg/mi* 0.5 ma/mi** 
5 | 0.025 9.010 
6 0.030 0.012 
7 | 0.035 0.014 
8 ! 0.040 l 0.016 
9 | 0.045 0.018 
10 0.050 0.020 


*2 mi of 1% (10 mg/ml} Tracrium Injection added to 98 mi of diluent 
**5 mi of 1% (10 mg/mi) Tracrium injection added to 95 mi of diluent 


U.S. Patent No. 4179507 
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“Oximetry: Origins, 


and Outlook” 


Monday, March 16, 1987, 1:42 PM. 
Lake Buena Vista Palace, Lake Buena Vista, Florida 






\ hen the American Society of 

i Anesthesiologists recently named 
Dr. Severinghaus to receive its first 
“Excellence in Research” Award, it 

in developng oxygen and carbon dioxide 
electrodes, but also his important work on 
the uptake of anesthetic gases in humans 
and his role in the development of the MAC 
concept, In accepting our invitation to 
present the fifth T.H. Seldon Distinguished 
Lecture, he Joins his dlustrious predecessors 
— Doctors H.J.C. Swan, Edmond I. Eger 11, 
NLE “Pepper” Jenkins, and J. Alfred Lee — 


. in doing honor not only to Dr. Seldon and 
John W. Severinghaus, MD, FFARCS aoe as i 
the FARS, but to the specialty as well 


i 
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University of California Medical Center 
San Francisco, California 





r. Seldon continues to actively enjoy 
his retirement years in Minnesota and 





LARS is again pleased to honor him for his 
25-year tenure as Editor of Anesthesia and 
Aaalgesia, trom 1954 to 1976. 














T.H. Seldon, MD, FFARCS (i) 


Specialty Review in Anesthesiology 
starts May 10, 1957 


The American Board of Anesthesiology (ABA) 
will administer its second written examina- 
ton in Critical Care Medicine on Saturday, 
September 19, 1987 in Dallas, Texas. Dip- 
lomates of the ABA who apply and are judged 
to be qualified by virtue of their additional 
training or experience in Critical Care Med- 
Icine will be accepted for examination. An 
application may be requested by writing to: 


Call Toll-Free 24 Hours 
1-800-621-4651 


You limit your practice to Anesthesiology — providing 
you with expertise and specialization. Likewise, our 
specialization has made us experts in CME. Discover 
why more than 5,000 Anesthesiologists have placed 

their confidence in us. Discover The Graduate School 
— your CME specialist. 


THE Nr 
GRADUATE 
SCHODL wone 


Your CME Specialist 


Secretary 

American Board of Anesthesiology 
100 Constitution Plaza 

Hartford, Connecticut 06103. 


The deadline for receipt of completed ap- 
plications in the Board office has been ex- 


In Illinois, call tended to June 10, 1987. 


1-800-621-4649 
or write to us at 
707 South Wood St 
Chicago, IL 60612 


U C S oO 


ANESTHESIOLOGY 
REVIEW COURSE 


MAY 29-JUNE 3, 1987 
SAN DIEGO 


“IN-DEPTH” 

REVIEW COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited 
for 38 hours. 


This symposium is designed 
to give the practitioner a 
complete review of the 
applications of basic 
science to the clinical 
practice of anesthesiology. 
Five one-day sessions will 
feature the following 
specialists: 


Stephen E. Abram, M.D. 
Paul G. Barash, M.D. 
Jonathan L. Benumof, M.D. 
Frederic A. Berry, M.D. 
Sheila E. Cohen, M.D. 
Benjamin G. Covino, Ph.D., M.D. 
John C. Drummond, M.D. 
Paul R. Hickey, M.D. 
Ronald L. Katz, M.D. 

Carol L. Lake, M.D. 
Richard |. Mazze, M.D. 
Myer H. Rosenthal, M.D. 


Theodore H. Stanley, M.D. 
Robert K. Stoelting, M.D. 
Stephen J. Thomas, M.D. 
Michael M. Todd, M.D. 

Kevin K. Tremper, Ph.D., M.D. 
Paul F. White, M.D. 


Course Director: 
Theodore J. Sanford, Jr., M.D. 


Course Chairmen: 
Lawrence J. Saidman, M.D. 
Harvey M. Shapiro, M.D. 


For further information: 
Ann Wargo 
Anesthesiology, H-770 
UCSD Medical Center 
225 Dickinson Street 
San Diego, CA 92103 
(619) 543-5855 





The Department of Continuing Education in Health Sciences 


Jorgen Viby-Mogensen 
Walter Buzello 
Chingmuh Lee 

James P. Payne 

Jan F. Crul 

Anna Stanec 

Tappani Tammisto 


OF MANKIND 
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UCLA Extension and the School of Medicine, UCLA, 
The Anesthesiology Educational Foundation and The Research in Education, Anesthesia and Pain Foundation 


present 


CLINICAL NEUROMUSCULAR PHARMACOLOGY 


AN INTERNATIONAL SYMPOSIUM 


May 1, 2, 3, 1987 _ 
Palm Springs, California 
The Symposium is a singular gathering of distinguished scientists. 
it will present the latest basic and clinical information relevant to 
and useful for clinical anesthesia practice. 


Organized By: 
Ronald L. Katz, Ronald D. Miller, John J. Savarese 


FACULTY 

David R. Bevan 
Hassan Ali 
Salvatore J. Basta 
Ronald D. Miller 
Nicholas N. Durant 
John Norman 
Stanley A. Feldman 


Frank G. Standaert 
Wiliam C. Bowman 
Peter G. Waser 
Francis F. Foldes 
lan G. Marshall 
Colin A. Shanks 
John Norman 


For Further information, write or call: 
MUSCLE RELAXANT INTERNATICNAL CONFERENCE 
ANESTHESIOLOGY EDUCATIONAL FOUNDATION 
Federal Building, Post Office, P.O. Box 24230 
Los Angeles, California 90024 
(H. Kattan (213)825-0736) 


Nishan G. Goudsouzian 
Dennis M. Fisher 
Barbara W. Brandom 
Richard S. Matteo 

Mark R. Fahey 

Philippe Duvaidestin 
Francois Donati 


Illinois Masonic Medical Center Presents 


Annua Mipwest Pepiataic AnestHesia MeetinG 


ediatric Anesthesia Topics: 
Resuscitation of the Newborn 
Development of the Airway 
Temperature Regulation 

Neonatal Cardiovascular Physiology 
and EĦecis of Anesthetics 


m Annuat CHicaGo Osst 
April 9, 10, 11, 12, 1987 — Ho 


* 


* 2 


AND 


FACULTY-DOCTORS 
Bikhazi, Hall, Hannallah, Horn, Gregory, Mazurek, Przy- 
bylo, Roth, Salem, Stevenson, Uejima. 


Blood Canservation in Pediatric 
Surgery 

Outpatient Anesthesia 
Controversies in Malignant 
Hyperthermia 


eTRICAL ANesTHesia Mectinc \ 
liday Inn, Chicago City Centre 





T 


Cheek, Curran, Faure, Finster, Gelfand, Heyman, Hughes, 
Naulty, Nimmagadda 


9 


* 


bstetrical/Anesthesia Topics: 
Physiology of the Parturient 
Obstetec Anesthesia and Control 
of Uterme Blood Flow 

Physigogy of Pregnancy — Subtle 
and Litte Known Changes 


* intra-Spinai Narcotics in Labor, 


Cesarean Section and Posi-op 


* Anesthetic Considerations in 


Pre-Eclampsia-Eclampsia 
The Role of the Anesthesiologist in 


* Pediatric Pharmacology * The Asthmatic Għid * Fetal Uptake, Distribution, and the Management of Fetal Distress 
® The Ex-Premie Graduate * The Child with insulin Dependent Metabolism of Maternally èe Monitoring and Treating Side 
* infant Risk in Anesthesia Diabetes Administered Drugs Effects of intraspinal Narcotics 
* Pediatric Anesthetic Circuits * The Child with Hereditary Muscle * Drug Interreactions, Obstetric * Aspiration in Obstetrics — Etiology, 
* induction Techrques in infants & Disease Medication and Anesthetic Agents Prevention, Treatment 
Children * The Child with Cancer * Anesthetic Risks for Surgical * Epidural Blocks in Pre-Eciamptic 
* Should We Give Glucose e The Child with Congenital Heart Procedures During Pregnancy Patients 
intraoperatively Disease * Physioiogy of the Neonate and * Anesthesia for Cesarean Section 
* Fiuids and Biood Replacement in * Anesthesia Alter a Recent Meal Neonatal Resuscitation * Anesthesia for the Pregnant 
Padiatric Patients * Congenital Diaphragmatic Hernia * Pharmacology of Local Anesthetic Cardiac Patent 
* Jet Ventilation and Lung Function  * Esophageal Atresia and T-E Fistula Agents. + Contending with Amniotic Fluid 
e 
+ 


Monitoring in Pediatric Anesthesia 
invasive and Noninvasive 


The Chig with Trauma 
The Child with Increased 


What Anesthesia Personnel Shouwic 
Know about Fetal Monitoring 


Embalism 
Anesthetic Management of Pre- 


* Uses of Mass Spectrometry in intracranial Pressure * Rational Choice of Local Term Labor 
Pediatric Anesthesia * The Anemic Child for Anesthetics — the Bupivacaine and © Obstetric Hemorrhage and the 
* Regional Anesthesia in Pediatric Herniorrhaphy Chiorooracaine Controversy Anticoagulated Patent 
Patients * The Child with Burns e Use of Continuous infusion * Anesthesia for the Pregnant 
* New Muscle Relaxants in Pediatric © Anesthesia for Laser Airway Epidural Araigesia Diabetic Patient 
Anesthesia Surgery l ® Epidural Araigesia and Progress * Anesthetic Management lor the 
* Management of Airway Obstruction © Anesthesia for Ductus Ligation in in Labor Patent with a Difficult Airway 
in infants and Children a Premature * Neurologic Complications in 
* Narcotics Versus inhalation * Anesthesia for Craniolacial Obstetrical Anesthesia 


Anesthetics in Pediatric Anesthesia 


Reconstruction 


For information Contact: 


Department of Anesthesiology, Illinois Masonic Medical Center, 836 W Wellington. Chicago. Illinois. Telephone 
312/883-7035/7041. The courses are approved for 22 hours each, Category I. 





Anesthesiologist 


Full-time for ambulatory surgery center near 
Chicago. Daytime hours only. No night call. No 
inpatient responsibility. Ultra-modern facility, ex- 
cellent financial opportunity. Opening spring 
1987. 


Please respond with CV to: 


ANESTHESIA-A 

7250 N. Cicero Avenue 
Suite 200 
Lincolnwood, IL 60646 


UNIVERSITY OF 
A ROCHESTER MEDICAL CENTER 
ji DEPARTMENT OF ANESTHESIOLOGY 


ACADEMIC/ANESTHESIOLOGIST 


Expanding University Department of Anesthesiology seeking 
additional faculty with exemplary qualifications in clinical care, 
teaching, and research. All major clinical disciplines repre- 
sented. 


Required is a four-year educational continuum or its equiva- 
lent, including training in a clinical specialty or in research. 
Faculty rank and salary commensurate with training and 
experience. Excellent opportunity for professional develop- 
ment, with facilities for independent or collaborative research. 


Send curriculum vitae to: 


Ronald A. Gabel, M.D. 
Professor and Chairman 
Department of Anesthesiology 
University of Rochester Medical Center 
Rochester, NY 14642 


The University of Rochester is an equal opportunity employer 


SIXTH ANNUAL 
CANADIAN WINTER 
ANAESTHESIA 
MEETING 

. Quebec City, Que 

’ February 22—27, 1987 


The Scientific Program includes a wide range of sub- 
jects: O.B. Anesthesia, |.C.U., Pediatric Anesthesia, 
intraoperative Problems, and Trauma from the E.R. to 
the O.R. 


This Program is approved for A.M.A. Category 1 
C.M.E. Credits. 


The Scientific Program has been arranged to provide 
ample time to explore this charming winter setting. 


For further information, please write to: 


Programme Chairman 

Canadian Winter Anaesthesia Meeting 
Department of Anaesthesia, Room 2303 
The Hospital for Sick Children, 

555 University Avenue, 

Toronto, Ont. Canada M5G 1X8 

or call: (416) 598-7445 


UNIVERSITY OF 
ROCHESTER MEDICAL CENTER 
DEPARTMENT OF ANESTHESIOLOGY 


ANESTHESIOLOGIST/PHYSIOLOGIST 


The Departments of Anesthesiology and Physiology at the 
University of Rochester are seeking a faculty member to have 
a joint appointment in the two Departments. Preference will be 
given to candidates with interest and background in Respira- 
tory Physiology. A Ph.D. in Physiology is desirable but not 
essential. Board certification in Anesthesiology or its equiva- 
lent is required. 


Responsibilities will include research, clinical and didactic 
teaching in PAEA and didactic teaching in Physiolo- 
gy. Opportunities for collaborative research are abundant. 
Academic rank and salary will be commensurate with qualifi- 
cations. 


interested candidates should send currciculum viate either to: 


Ronald A. Gabel, M.D. 
Professor and Chairman 
Department of Anesthesiology 


or to: 


Paul Horowicz, Ph.D. 
Professor and Chairman 
Department of Physiology 
University of Rochester Medical Center 
601 Elmwood Avenue 
Rochester, NY 14642 


The University of Rochester is an equal opportunity employer 





Classified Advertising 


PERMANENT POSITION WANTED 
CRNA—experienced, wishes busy situa- 
tion, solo or group, best of remuneration. 
1-800-521-6750. 





MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 








ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
7371. 








800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage . . . we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 








PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS 

Send name, address, and phone to Box ANA 
5-84-E, % Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Inc., 
32 Vanderbilt Avenue, New York, NY 10017. 








ANESTHESIOLOGIST SEEKING CHAIRMAN 
for established anesthesia department in 400- 
bed suburban Chicago, Hincis hospital. All 
surgical specialties represented, including 
open heart. Must be board certified with 7 
yr minimum in academic envwonment. Ex- 
cellent financial arrangements, Send CV to 
CSS Associates, 6819 Winstoa Drive, Tinley 
Park, Iinois 60477. 





ALABAMA 

Several immediate openings. We are con- 
sultants for anesthesiologists and charge no 
placement fees. Send reply ia confidence to 
Medical Management, Inc., PO Drawer 7308, 
Montgomery, AL 36107. 








SOUTHWESTERN PA ANESTHESIOLOGIST 
BE/BC to join group. All except open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse confidential. Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017, 








NORTH CAROLINA 

Anesthesiologist (BE/BC) wanted for thriv- 
ing anesthesia practice in eastern North 
Carolina coastal plains city əf 25,000 to join 
group of one MDA and three CRNAs in 200- 
bed hospital. All surgical subspecialities ex- 
cept Neuro and OH. Send CV to Box X60, 
“ Anesthesia and Analgesia, Elsevier Science 
Publishing Company, Desk Editorial, 52 
Vanderbilt Avenue, New York, NY 10017. 








CALIFORNIA: ANESTHESIOLOGIST 
Full-time faculty position at the Associate/ 
Full Professor level in expanding, young 
department with emphasis on teaching and 
research. Complete clinica! services in one 
hospital. Prerequisites inclade board certi- 
fied; meet California license requirements; 
clinical expertise; demonstrated ability as a 
research scientist and ability to write schol- 
arly articles. Send curriculum vitae, bibli- 
ography and names of five references to John 
H, Eisele, jk, MD, Anesthesiology Depart- 
ment, University of Califoraia, Davis, Med- 
ical Center, 2315 Stockton Blvd., Sacra- 
mento, CA 95817. Position pen until filled 
but not later than March 31, 1987. We are 
an Equal Opportunity/Affirmative Action 
Emplover. 
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ANESTHESIOLOGIST WANTED 

for East Central WI city on Lake Mich. At- 
tractive Educational, Cultural and Recrea- 
tional opportunities. Convenient to Metro 
Area and Med. School. Chas. Caven Assoc. 
PO Box 564, Waukesha, WI 53187. (414) 547- 
7069. 





NORTH CAROLINA 

Temporary and permanent BE/BC anesthe- 
siologists needed to join fee-for-service group 
in small community in heart of Blue Ridge 
Mtns. Salary first year. Send inquiries and 
CV to Watauga Anesthesia Associates, PA, 
301 Birch St, Boone, NC 28607. 








NEW ENGLAND 

Immediate opening for BC/BE MDA in 
coastal New England town. No neuro or 
open heart. Income guarantee. NAMA, PO 
Box 24, Carlisle, MA 01741. (617) 269-5980. 








TENNESSEE, NASHVILLE-FELLOWSHIPS 
Vanderbilt University Medical Center offers 
fellowships of either 6 months or 1 year 
duration in pain control, neuroanesthesia, 
pediatric, obstetric, cardiovascular. and pe- 
ripheral vascular anesthesia. Positions 
available to commence February 1, 1987, 
Active clinical service in all subspecialities 
provide excellent opportunities for clinical 
experience and teaching. Interested candi- 
dates should send curriculum vitae to Mar- 
garet Wood, MD, Department of Anes- 
thesia, Vanderbilt University Medical Center, 
Nashville, TN 37232. 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other events. 
Display space (minimum 14 page) is alse avail- 
able through Pharmaceutical Media, Inc Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the ist of January. 
Full payment or institutional purchase order 
must accompany the copy for each ad. Ads 
received without a check or purchase order will 
be returned. Ad copy. subject to acceptance by 
publisher, should be typed double-spaced and 
mailed in duplicate to: 

Anesthesia and Anaigesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 

Make checks payable to Elsevier Science Pub- 
ishing Co, Inc. 
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CALIFORNIA 

Mercy Hospital and Medica! Center has an 
anesthesia residency position at the PGY-3 
(CA-2) level available July 1, 1987. Subse- 
quent CA-3 traing will be available in OB 
cardiac and advanced clinical anesthesia. 
California licensure required. Interested 
persons may apply to Robert G. Seeman, 
Mb, Acting Director Anesthesia Residency 
Program, Mercy Hospital and Medical Cen- 
ter, 4077 Fifth Avenue, San Diego, CA 92103. 








ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Feb. 13-15. 
Two instructors. Limited class size. Reply: 
2656 Gunckel BI, Toledo, OH 43606, or (419) 
475-9641. 





MASSACHUSETTS 

Nurse Anesthetists. 250 beds; JCAH-ap- 
proved hospital. No OB, open heart, or 
emergency call. Excellent working and liv- 
ing conditions. Easy access to Hartford, New 
York, and Boston. Professional corporation 
of anesthesiologists. Write Holyoke Anes- 
thesia Associates, P.C., 375 Beech St, Hol- 
yoke, MA 01040. 





DENVER 

Busy private anesthesia group in Denver, 
Colorado seeking BE/BC American-trained 
anesthesiologist. Practice includes all major 
surgical subspecialties except pediatric open 
heart. Salary & benetits leading to full part- 
nership. Position available poe 
Please send CV to Box AA8, °% Anesthesia 
and Analgesia, Desk Editorial, Eo Sci- 
ence Publishing Co., 52 Vanderbilt Ave., 
New York, NY 10017. 





ATLANTA, GEORGIA 

Anesthesiologist BC/BE with formal pain 
fellowship to help start up pain clinic in an 
outstanding 500-bed hospital. Must be ca- 
pable of giving anesthesia for all tvpes of 
cases. Excellent salary, benefits and vaca- 
tion with early partnership. Send CV to 
Piedmont Anesthesia Associates, P.A., 1984 
Peachtree Road, Suite 515, Atlanta, GA 
30309. 





ANESTHESIOLOGIST/INTENSIVIST? 
INTERNIST 

BE, Orals spring 1987, AMG, Fellowship 
CCM, BC internal medicine, Boston-trained 
university program. Three years expenence 
university ICU codirector seeking aca- 
demic/teaching anesthesia Seaton: with’ 
without ICU responsibilities. Prefer South 
or Midwest. Contact Box AA? Ge Anesthesia 
and Analgesia, Desk Editorial, Elsevi jer Sci- 
ence Publishing Co., Ine., 52 Vanderbilt Av- 
enue, NY 10017. 





ANESTHESIOLOGY RESIDENTS 

Royal College Fellowship certificate holders 
secking entrance into the examination and 
certification system of the American Board 
of Anesthesiology are encouraged to apply 
for one year of clinical training in Anesthe- 
siology at the CA-3 level at The University 
of Alabama at Birmingham. For further in- 
formation, contact Director of Resident Ed- 
ucation, Dr. James Boyce, Department of 
Anesthesiology, The Univ ersity of Alabama 
at Birmingham, 619 South 19th Street, Bir- 
mingham, AL 35233 (telephone 205/934- 
6500). An affirmative Action/Equal Oppor- 
tunity Employer. 





ANESTHESIOLOGIST 

ABA Licensed to Practice in Texas and Lou- 
isiana. Available for weekend coverage and 
Locum Tenens. No agencies please. Con- 
tact Box AA6, % Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Co. Inc., 52 Vanderbilt Ave., New York, NY 
10017. 





ANESTHESIOLOGIST 

233-bed teaching hospital with residents in 
Surgury, Ob/Gyn, internal medicine, and 
family practice seeking two staff anesthe- 
siologists—one to be appointed as Chief, 
Department of Anesthesiology. Candidates 
should be board eligible or certified in anes- 
thesia and have experience in critical care 
anesthesia, epidural, and pediatric anes- 
thesia. Salarv negotiable depending on ex- 
perience. Hospital located in beautiful San 
Joaquin County, close to major cities and 
skiing. Submit CV and references or contact 
Nathaniel M. Matolo, MD, Director of Sur- 
gury, San Joaquin General Hospital, PO Box 
1020, Stockton, CA 95201. Phone: (209) 982- 
1800. Ext. 3074. AAVEOE. 





ANESTHESIA GROUP SOUGHT 

Community hospital located in capital dis- 
trict of New York State seeking high quality, 
fee-for-service anesthesia group to contract 
with on an exclusive basis. Busy surgical 
service with about 5000 annual surgical cases. 
Includes: large OB/GYN service, ambula- 
tory surgery, active emergency depart- 
ment, critical care service, Interested parties 
should contact: David Kadish, Executive Vice 
President, Samaritan Hospital, 2215 Burdett 
Avenue, Troy, NY P2180. 
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DELAWARE 

Anesthesiologists needed on or about July 
1, 1987, to join very attractive fee for service 
group of MDs and CRNAs. Busy 200-bed 
hospital doing all surgery except open heart. 
Minimal OB. Major cities, resorts nearby. 
Prefer graduating resident, but will con- 
sider all. Don’t miss this one. Reply Box 
AAS, % Anesthesia and Analgesia, Desk Edi- 
torial, Elsevier Science Publishing Co., Inc., 
52 Vanderbilt Ave., New York, NY 10017. 





PAIN FELLOWSHIP 

Applications are being accepted for Anes- 
thesia PGY-4 fellow ship positions in pain 
management. Address inquiries to Chair- 
man, Department of Anesthesia, Provi- 
dence Hospital, Pain Control Center, 22301 
Foster Winter Drive, Suite 200, Southfield, 
Michigan 48075. (313) 424-3186. 








COMMUNITY HOSPITAL: SOUTHWEST 
Anesthesiologist needed 3—4 months per year 
to caver vacations. 1-4 weeks at a time. 
Flexible, ideal part-time job—straight sal- 
ary, Please contact: M.A.R.S., Inc., Two 
Clark Bass Blvd., suite # 104, McAlester, 
OK 74501. (918) 426-5516. 








BC/BE ANESTHESIOLOGIST 

to join busy 4 MD 6 CRNA group at 230 
bed hospital located 30 minutes outside of 
Boston. All surgical subspecialties except 
open heart. Send CV to Box AA4, % Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Ave., New York, NY 10017. 





ANESTHESIOLOGIST 

Our expansion in surgical specialists has 
created an opportunity for an anesthesiol- 
ogist to join our progressive hospital-based 
group practice. The appointment offers an 
opportunity to practice in a high-quality, 

modern, clinical environment with teaching 
and clinical research possibilities. The de- 
partment provides services to all surgical 
specialties except open heart. We are seek- 
ing strong candidates who are Board cer- 
tified or eligible and trained in all types of 
anesthesia practice, critical care, and pain 
relief. Candidates with fellowship experi- 
ence or who are Board certified or eligible 
in other specialties are particularly desir- 

able. The position includes academic ap- 
pointment at Columbia University and pro- 
vides a competitive salary, hospital-paid 
malpractice protection, an immediately 
vested annuity plan, and comprehensive 
fringe benefits. The Bassett Hospital is a 
medium-sized referral and teaching center 
located in an attractive lakeside resort vil- 
lage, which offers a variety of recreational 
opportunities, an outstanding public school 
system, and a rural living atmosphere. For 
further information, please forward a CV 
and covering letter to L. Andrew Rauscher, 
MD, Chief, Department of Anesthesiology, 
The Mary Imogene Bassett Hospital, 
Cooperstown, NY 13326. 





LOUISIANA: DEPARTMENT CHAIRMAN 

The Anesthesiology Department of the 
Louisiana State University Medical Center 
has an opening for a department chairman 
with interest in an academic setting. Duties 
include instruction and supervision of res- 
idents and students and administration of 
a large academic department. Qualifica- 
tions must include graduation from a LCME 


accredited medical school, completion of an 
approved residency training program, eli- 
gibility for Louisiana medical licensure, and 
board certification. Administrative experi- 
ence or excellent recommendations regard- 
ing administrative capabilities is required. 
The candidate must possess an excellent 
clinical record and manifest an interest in 
academics and research. Specialty training 
or experience is desired. The salary ard level 
of faculty appointment will be commensur- 
ate with qualifications. Inquiries should be 
directed immediately along with a current 
CV to Fred J. Stucker jr, MD, Chairman of 
the Search Committee, Louisiana State Uni- 
versity Medical Center in Shreveport, PO 
Box 33932, Shreveport, LA 71130-3932. Af- 
firmative Action/Equal Opportunity 
Employer, 








ANESTHESIOLOGIST 

BE (orals pending), available on 2-mos. no- 
tice. Proficient in all types anesthesia except 
pain management. Experienced in invasive 


monitoring. Fellowship in intensive care. 
3/2 years clinical experience. Several pub- 
lications. Reply to PO Box 7008-4, Redondo 
Beach, CA 90277. 
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ANESTHESIOLOGIST: NOREHWESTERN 
CALIFORNIA 

BC or in the process to join ene anesthe- 
siologist in an 80-bed community hospital. 
All aspects of surgery underteken, except 
open heart. Send CV in care of Pat Gilbert, 
Director of Medical Services, Mad River 
Community Hospital, PO Box 7115, Arcata, 
CA, 95521, phone 707-822-362. 











NEW YORK 

Anesthesiologist, BC/BE-AMG pref. to join 
small busy group near Syracuse. One po- 
sition spring 1987 and one position July 1987. 
Excellent standard of care, very pleasant 
working conditions. Partnershipein one year. 
CV to Recruitment Director, CAA, PO Box 
802, Cortland, NY 13045. 
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CHIEF, ANESTHESIOLOGY SERVICE 
Applications are being accepted for the po- 
sition of Chief, Anesthesiology Service at 
the Veterans Administration Medical Cen- 
ter, Martinez, California with joint appoint- 
ment in the Department of Anesthesiology, 
University of California, Davis, at an ap- 
propriate academic level. Applicants should 
be board certified and have a valid medical 
license. Responsibilities include teaching 
medical students and residents the princi- 
ples of anesthesiology. The service has a 
very heavy load of vascular procedures. Re- 
cruitment will remain open until February 
28, 1987. Anticipated appointment date: July 
1, 1987. Send current curriculum vitae, bib- 
liography and the names of three (3) ref- 
erences to: John H. Eisele jr, MD, Professor 
and Chairman, Department of Anesthe- 
siology, UCD Medical Center, Professional 
Building, 4301 X Street, Sacramento, CA 
95817. The University of California Davis, 
School of Medicine and the Veterans 
Administration Medical Center are Equal 
Opportunity/Affirmative Action employers. 
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BRIEF SUMMARY -—-(Piease consult full package insert, 
enclosed in every package. before using Regonc!) 
INDICATIONS — Pyridostigmine bromide is useful as a rever- 
sai agent or antagonist to nondepoiarnizing muscle relaxants. 


CONTRAINDICATIONS- Known hypersensitivity to anticno- 
inesterase agents: intestinal and urinary obstructions of 
mechanical type. 


WARNINGS Pyridostiigmine bromide should be used with 
particular caution in patients with bronchial asthma or carciac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate Atropine should aiso be used with 
caution in patients wih cardiac dysrhythmias When large 
doses of pyridastigrine bromide are administered. as during 
reversal af muscle relaxants. prior or simultaneous imection ot 
atropine sulfate is advisable Because of the possibility of 
hypersensitivity in an occasional patient. atropine and anti- 
shock medication should always be readily avaiable. 

When used as an antagonist to nondepolanzing muscle 
relaxants. adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to gis- 
continuation of respiratory assistance and there shouid be 
continuous patient observation Satisfactory recovery may be 
defined by a combination of clinical judgement. respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation ff there is any doubt concerning the ade- 
quacy of recovery from the effects of the noncepolarizing 
muscle relaxant. artificial ventilation should be continued until 
ali doubt has been removed 


Use in Pregnancy—-The satety of pyridoshgmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Therefore ts use in women who are pregnant requires 
weighing the drugs potential benefits against its possible 
hazards to mother and child. 


ADVERSE REACTIONS— The side effects of pyndostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties. muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting. diarrnea, 
abdominal cramps. increased peristalsis, increased saliva- 
tion. increased bronchial secretions, miosis and diaphoresis. 
Nicotinic side effects are comprised chiefly of muscle 
cramos. fasciculation and weakness. Muscarnic side effects 
can usually be counteracted by atropine. As with any come 
pound containing the bromide radical. a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Throm- 
poohlebitis has been reported subsequent to intravenous 
acmunistration. 


DOSAGE AND ADMINISTRATION-Wher pyndostigmine 
bromide is given intravenously to reverse the action of muscie 
relaxant drugs. itis recommended that atropine sulfate (0.6 to 
12mg) or glycopyrrolate in equipotent doses be given intra- 
vencusly immediately prior to or simullaneous with its admin- 
istration. Side effects. notably excessive secretions and 
bradycardia, are thereby minimized. Reversa! dosages range 
from 0 1-0.25 mg/kg Usually 10 or 20 mg. of pyridastigmine 
bromide wiil be sufficient for antagonism of the effects cf the 
nondepolarizing muscie relaxants. Although full recovery may 
occur within 15 minutes in most patients. others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a peripheral nerve stimulator device. ft is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained. 
racurarnization has not been reported. 

Failure of pyridostigmine bromide to provide promot (within 
30 minutes) reversal may occur eg. in the presence of 
extreme debilitation. carcinomatosis, or with concomitant use 
of certain broad spectrum antibiotics or anesthetic agents. 
notably ether Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
contro! of his respiration. 

HOW SUPPLIED — Regonol is availabie in: 

5mg.iml- 2 ml ampuis—boxes of 25—NDC-0052-046C-02 

5 mi. vials-~ boxes of 25-—NDC-0052-0460-05 

REFERENCES: 

+ Gyermek L: Clinica! studies on the reversal of the neuro- 
muscular blockade produced by pancuronium bromide. 1. 
The effects of giycopyrrolate and pyridastigmine Curr Ther 
Res 18:377-386, 1975 

Ravin MB: Pyndestigmine as an antagonist of d-fubo- 
curanrine-induced and pancuronium-induced neuromus- 
cular Diockade Anesth Analg— Curr Res 54.317-321. 1975. 
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(pyridostigmine 
Bormida CANAAN USP) 
when compared to neostigmine 


_| Clinically fewer side effects 

L] Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

L] Wide margin of safety’? 
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Nicolet’s New Software Packages for Intraoperative Monitoring 
Specifically designed by a surgeon for use in the operating room 


Nicolet’s new Pathfinder software 
packages for intraoperative moni- 
toring of spinal cordand brain- 
stem function provide easier and 
faster evaluation of anesthetized 
patients. The unique design of 
these programs allows you to 
focus on data interpretation 
rather than instrument operation. 
Torun a program, you simply 
select the desired item from 
menus displayed on the color 
screen, after which all aspects of 
data acquisition and display are 
handled by the program. All 
acquired data is stored and plotted 
simultaneously with new data 
acquisition. 


Collect twice the data in half 
the time using these features: 


E Simultaneous acquisition of 
independent evoked potentials 
from both lower or upper 
extremities. 

E Simultaneous recording of 
somatosensory and brainstem 
auditory evoked potentials, 
using time bases and parameters 
appropriate to each modality. 

WE Simultaneous recording of 
both upper and lower extrem- 
ity evoked potentials using 
parameters approriate to 
each extremity. 

E Automatic monitoring of facial 
nerve evoked potentials. 


In addition, the Nicolet 

Pathfinder also: 

E Updates averaged evoked 
potential information as rapidly 
as every 15 seconds depending 
upon modality. 

E Provides on-line real time 
estimate of the quality of data 
being obtained. « 

W Automatically alterfiates be- 
tween the collection of soma- 
tosensory evoked potential 
and processed EEG data. 


For more information about Nicolet’s 
New Pathfinder Software Packages or 
to schedule a demonstration, call 
TOLL FREE 1-800-356-0007 in 
the continental USA. In Wisconsin, 
Alaska and Hawaii call collect 
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5225-4 Verona Road, Madison, WI, USA $3711, 608/271-3443, TWX 910-286-2711 
Sales and Service Offices Worldwide, Subsidiary Offices; Canada, France, Germany, 
. Japan, Mexico, The Netherlands and United Kingdom 
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and handling ease. 


è New functionally contoured 
vial speeds selection and helps 
assure positive identification. 


® Easy-grip, no-slip design for 
better handling. 
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Pulse Oximetry/End Tidal CO, 


The new POET monitoring system from Criticare 
Systems, Inc. integrates oximetry and capnography into 
a single, lightweight unit...so you can better manage 
patients on mechanical ventilation. 


POET gives you all these unique advantages: 


æm Large, easy-to-read display ml Alphanumeric display of 
gm Long-term trend capability O, saturation, end tidal 


e Full alarm capability Oy and pulse (ete 

a w Unmatched convenience, 
æ Complete portability efficiency and space 
w Auxiliary output savings 


We'd like you to become well-versed about POET— 
please call or write Criticare Systems, Inc. today and 
we'll send you complete information. 


CFRITICARE SYSTEMS, INC. * P.O. BOX 26556 * MILWAUKEE, Wi 53226 ° 414-691-2828 
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Before prescribing, please consult complete prescribing information, of which the following is è brief summary 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: SUFENTA is a sterile, preservative tree, aqueous solution containing sutentani| citrate equivalent | 
50 pg per mi of sufentanil base for intravenous injection The solution has a pH range of J 96 

INDICATIONS AND USAGE: SUFENTA (sufentanil citrate) indicated As an analgesic adjunct in the maintenance 
af balanced general anesthesia As 2 primary anesthetic agent for the induction and maintenance of anesthesia with 
100% oxygen in palents undergoing major Surgical procedures. such as Cardiovascular Surgery neurosurgce 
procedures in the sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended 
apt ative ventilation is anticipated SEE DOSAGE CHART FOR MORE COMPLETE INFORMATION ON THE USE 
IF SUFENTA 

CONTRAINDICATIONS: SUFENTA $ contraindicated in patents 





wilh sown hyper sensitivity t0 the orug 


WARNINGS: SUFENTA aai be administered only by persons specifically trained in the use of intra- 


venous anesthetics and management of the respiratory effects of potent opioids. 

An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily available. 
SUFENTA may cause skeletal m uscle rigidity, particularly of the truncal muscles. The incidence and severity of muscie 
rigidity i$ dose related Administration of SUFENTA may produce muscular rigidity with a more rapid onset than that 
seen with fentanyl. SUFENTA may produce muscular rigedity that involves the skeletal muscles of the nec h and 
extremities The incidence can be reduced by 1) administration of up to Va of the full paralyzing dose of a non 
depolarizing neuromusculat blocking agent just prior to “ mstration of SUFENTA at dosages of up to 8 po/kg 
2) admi nistration of a tull paralyzing dose of @ neuromuscular blocking ager t following loss of consciousness when 
SUFENTA is used in anesthetic dosages (above 8 pg/kg titrated by slow intravenous inf 

sedminisiration of SUFENTA and a full paralyzing dose of a neuromuscular dlocking agent whe SUPENTA i$ used if 
rapidly admuntstered anesthetic dosages (above 8 pg/kg) The neuromuscular blocking agent shouid be compatible 
with the patient's cardiovascular status Adequate facilites should be available for postoperative monitoring anc 
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ventilation of patients administered SUFENTA 
t respiratory depression 


PRECAUTIONS: General: [he initial dose of SUFENTA should be appropriately reduced in elderly and dedihtated 
patents The effect of the initial dose should be considered in determining supplemental doses. Vital signs should be 
monitared routinely Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA 
es CLINICAL PHARMACOLOGY) The hemodynamic effects of a particular muscle relaxant and the degree of skeletal 
nuscle relaxation requi ted shouid be considered in the selection of a neuromuscular blocking agent. High doses af 
pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia Bradycardia has been reported 
nrar gasi with SUFENTA oxygen anesthesia and has been responsive to atropine. Respiratory depression caused by 
nd analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory 
ession produced by SUFENTA may last longer than the duration of the opioid antagomst action, appropriate 
sury millance should be maintained As with all potent oproids, profound analgesia is accompanied by respiratory 
fepression and diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period 
hey opriate postoperative monitoring should be employed to ensure that adequate spontaneous breathing t5 established 
maintained prior to discharging the patient from the recovery area Interaction with Other Central Nervous System 
Depressants Hoth the magnitude and duration of central nervous system and cardiovascular effects may be enhanced 
when SUFENTA is administered to patients recerving barbiturates, tranquihzers. other opiords general anesthetics or 
ther CNS depressants in such cases of combined treatment, the dose of one or Doth agents shouid be reduced 
Head Injuries. SUF ENTA may obscure the clinical course of patients with head injuries. Impaired Respiration SUFENTA 
should be used with caution in patients with pulmonary disease, decreased respiratory reserve or potentially compro 
mised respiration in such patents, opioids may additionally decrease respiratory drive and increase airway resistance 
During anesthesia, this can be managed by assisted or controlled respiration. impaired Hepatic or Renal Function: in 
patients with liver or ugnay dystunction SUFENTA TA should be administered with caution due to the importance oF 
these organs in the metabolism and excretion of SUFENTA 
pra Mp Mutagenesis and hagak of Fertility: No long-term animal studies of SUFENTA have been 
performed to evaluate carcinogenic potential The micronucleus test in female rots reve alec that singie intravenous 


tis essential that these facilities be fully equipped to handle all degrees 


doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human gose) produced no structural 
chromosome mutations. The Ames Saimoneila typhimurium metabolic activating test also revealed no mutagenic 
achwity, See ANIMAL TOXICOLOGY tor reproduction studies in rats and rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given in 
Goses 2.5 times the upper human dose for a period of 10 days to over 30 days. “hese effects were most probably due 
to maternal toxicity (decreased food consumption with increased mortality) follawing prolonged administration ot the 
drug. No evidence of teratogenic effects have been observed after adminstrator: of SUFENTA in rats or rabbits. There 
are no adequate and well-controlled studies in pregnant women SUFENTA should be used during pregnancy only it 
the potentia benefit justifies the potential risk to the fetus 

Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery Therefore, such 
uSé I$ Not recommended 

Nursing Mothers: It i$ not known whether this Gryg 1S excreted in human mik Because many drugs are excreted 
in human miik, Caution should be exercised when SUFENTA is administered to a nursing woman 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
Surgery has Deen documented in a limited number of cases 

Animal Toxicology: The intravenous LD... of SUFENTA is 16 8 to 18.0 mg/kg n mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.' to 19.5 mg/kg in dogs Reproduction studies performed in rats and rabbits given doses of up to 2 5 times 
the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to decreased tood 
Consumption and anoxia, which preclude any meaningful interpretation of the results 

ADVERSE REACTIONS: The most common adverse reactions of opioids are respitatory depression and skeletal 
muscle rigicity See CLINICAL PHARMACOLOGY. WARNINGS and PRECAUTIONS on the management of respiratory 
depression and skeletal muscle rigidity The most frequent adverse reactions in clinical trials involving 320 patients 
adminsterec SUFENTA were hypotension (7%). hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 
Other adverse reactions with a reported incidence ot less than l% were: Cardiovascular: tachycardia, arrhythmia 


Gastrointestinal nausea, vomiting; Respiratory: apnea, postoperative respiratory depression. bronchospasm Derma- 





fological’ itching, erytheaa, Central Nervous System. chills. Miscellaneous intraoperative muscle movement 


DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule tl Controlled drug substance that cen 
produce drug dependence of the morphine type and therefore has the potenteal for being abused 


OVERDOSAGE; Overdosive would be manifested by an extension of the pharmacological actions of SUFENTA (see 
CLINICAL PHARMACOLOEY) as with other potent Opwid analgesics However, no expenences of overdosage with 
SUFENTA have been estapished during clinical trials The intravenous Oso of SUFENTA in male rats is 9.34 to 12.5 
mg/kg (see ANIMAL TOXIDOLO3Y tor LO. in other species) Intravenous administration of an opioid antagonist such 
as naloxone Should be employed as a specific antidote to manage respiratory depression The duration of respiratory 
depression following overdosage with SUFENTA may be longer than the duration af action of the opioid antagonist 
Adminstration of an opind antagonist should not preclude more immediate countermeasures. In the event of over 
Gosage. oxygen should be admimistered and ventilation assisted of controlied as indicated for hypoventilation of apnea 
A patent airway must be mainta ned anda nasopharyngeal aitway or endotracheal tube may be indicated If depressed 
respiration iS associated wth muscular rigidity, a neuromuscular blocking agent may be required to tacstate assisted 
Of Contratied respiration ‘travenous fluids and vasopressors for the Treatment of hypotension and other supportive 
Measures May de emplnyed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be indiv Gualized in each case according to body 
weight, physical status, anderiving pathologica’ condition, use of other drugs, and type of surgical procedure and 
anesinesia in obese patents (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight Dosage should be reduced in elderly and debilitated patents (see 
PRECAUTIONS} 
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2 or adva nce INOCOR lactate injechon, brand of amnnone lactate, represents a new Class of cardiac 
a inotropic agents with vasodilator activity. distinct trom digitalis glycosides or 
ad catecholamines 

a rd better INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short term 
Pail management of congestive heart faiure in pabents who can be closely monitored ang 

Dect who nave not responded adequately to digitalis, diuretics. andyor vasodilators ) 
aan INOCOR iactate injection rs indicated tor the short term management of congestrve 
if ji & o C erap heart failure Because of limited experience and potential tor serious adverse effects 
we S isee ADVERSE REACTIONS) INOCOR should be used only in patients who can be 
Se closely monitored and who have not responded adequately to digitalis, diuretics and/or 
4 vasodilators. Although most patents have been studied hemodynarmcally for periods 
Tah. | only up to 24 hours. some patients were studied for longer penods and demonstrated 
consistent hemodynamic and clinical effects The duration of therapy shouid depend on 

effici patient responsiveness 

ent CONTRAINDICATIONS !NOCOR lactate injection is Contramacated in patients who 





° ) are hypersensitive to it 
(R) itis also contraindicated in those patients known to be hypersensitive to bisullites 
PRECAUTIONS Genera! INOCOR lactate injection should not be used in patents with 
severe aortic or pulmonic valvular disease in heu of surgical refief of the obstruction Like 
other inotropic agents. it may aggravate, outflow tract obstruchon in hypertropric 
' i sSubaordc stenosis 
During intravenous therapy with INOCOR lactate injection. blood pressure and 


heart rate should be monitored and the rate of inftuson slowed or Stopped n pahents 
showing excessive decreases in blood pressure 
Patients who have recerved vigorous diuretic therapy may have nsulhcent cardat 


Uri filling pressure to respond adequately to INOCOR iactate myection, in which case 
Wik Cautious liberalizahon of fluid and electrolyte intake may be indicated 
Supraventricular and ventricular arrhythmias Nave been observed in the very 


+ Zu rf = high-risk population treated While amrinone per se has not been shown fo be 
Sal * 15 “ 5 $ C O mines arrhythmogenic, the potential for arrhythmia, present in congestive heart falure itself 
a 4 ~ Yew h may be increased by any drug or combination of drugs 


m 4 Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 


m 4 a REACTIONS) 
; e O = rm LABORATORY TESTS Fluid and electrolytes Fiwd and electrolyte changes and rena! 
7 function should be carefully monitored dunng amnnone lactate therapy Improvement in 


J cardiac output with resultant diuresis may necessitate a reduction in the dose of diuretic 


bD Y > 
ay P Potassium loss due to excessive diuresis may predispose digitalized patents to 
Ae arrhythmias Therefore, hypokalemia should be corrected by potassium suppiementa 
va i tonn advance of or dunng amnnone use 
X - DRUG INTERACTIONS in a relatively himited expenence. no untoward Chnical mantes 
lations have been observed in patients in whom INOCOR lactate iyection was used 
concurrently with the following drugs digitalis glycosides, lidocaine quinidine. metopro 
lol, propranolol. hydralazine, prazosin, sosorbide dinitrate, nitrogiycenne chor thaldone 
ethacrynic acid, furosemide hydrochiorothvazide. spironolactone. Captopril, hepanr 
l E wartarin, potassium supplements. insulin. diazepam 
base i. One case of excessive hypotension was reported when amnnone was used 
: a8 concurrently wilh disopyramide 
A Unti additional experience 1s available. concurrent administration with Norpace* 
disopyramide should be undertaken with Caution 


ae me $ f . ee ie i 
© Independent of the effects of intent N 


yer ol . . USE IN CHILDREN Safety and effectiveness inctwidren have not been established 
digitalis and catecholamines USE IN PREGNANCY Pregnancy category C In New Zealand white rabbits. arnrinone 

nrs has been shown to produce fetal skeletal and gross external malformations at oral 
FEA < doses ot 16 mg/kg and 50 mg/kg that were touc for the rabbit. Studies in French Hy/Cr 
. OS rabbits using oral doses up to 32 mg/kg/day did not confirm tres finding’ No mattorma 


Fae E y x : o . . . 
DO H à ody p dly ved tions were seen in rats receiving amnnone intravenously at the maximum dose used 
-V em f namics ra 1 im ro 15 mg/kg/day (approximately the recommended daily IV dase lor patenis with conges 
Si <- tive heart failure). There are no adequate and well-controlled studies n pregnant women 
Amrinone should be used dunng pregnancy only if the potential benefit pusthes the 


SPINA ||. ap ae 

_ © Heart rate and blood pressure potenta rx 1o he ets 

Ee it ragt = USE IN NURSING MOTHERS Caution should be exercised when amnnone is 
meer : administered to nursing women, since it Ss Not known whether it S excreted in numan 
not significantly changed... vt 

aa) a A p ADVERSE REACTIONS Thrombocytopenia. intravenous INOCOR lactate injection 

U, ; has t bee h t k resulted in platelet count reductions to below 100.000/mm in 2 4% of patients 

p" Shah r3 >: no n S own O increase ris Gastrointestinal effects Gasirontestna! adverse reachons reported with INOCOR 
Ss lactate injection during clinical use included nausea {1 7%). vomiting (09%) abdomina! 
At: 


ERA è è 
-i ARE 0.4%), 04%) 
re G ; of arrhythmias (see precautions) sec ahi pita: ENNA adverse reachons reported with INOCOR lac 


t 
u 
è tate injecton include arrhy thrrua (3%) and hypotension (1. 3%} 
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+ . . . Hepatic toxicity in dogs, at IV doses between 9 mg/kg/day and 32 Mmq/kg/day 
5 -an be used ın patients with amrinone showed dose related hepatotomcity manifested either as enzyme etevation or 
Te hepatic cell necrosis or both Hepatotoucity has been observed in man tollowmne 
long-term oral dosing andhas been observed. in alimited expenence (0 2%). following! 


f myocar dial ischemia administration of amrinone 


J 
$ 3 Hypersensitivity There have been reports of several apparent n yoersensitivity reactions 
“ae i in patents treated with oral amnnone for about two weeks Signs and symptoms wer 
c ‘ variable bul included pericarditis, pleuritis. and ascites (one Case), MmyGsitis will 
= 4 z iS -j ont 


nefits sustained on therapy. ye interstitial shadowing on chest xray and elevated sedimentation rate (one Case) arn 
a. ot Eei vasculitis with nodular pulmonary densites, hypoxerna. anc jaundice (one case) Th 
evidence of tachyphy 
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nN, axis first patient died, nol necessanily of the possible reaction, while the last two resoivec w 
as discontinuation of therapy. None of the cases were rechaliengec So altnbution | 
: y amrmone is not certain. but possible hypersensitivity reactions should be considered it 


any pahent maintained for a prolonged penod on amnnone 


. . 
to administer Genera! Additional adverse reactions observed in intravenous amrinone clevwcal studie 
} include fever (0.9%), chest pain (0.2%). and burning at the site of injection (0 2%) 
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OVERDOSAGE Doses of INOCOR lactate injection may produce hypotensio! 


ş receiving INOCOR should be carefully SS e ee ihe aonciic Eo bic tos ponora monsurs £ 
J EM . . . h k 
ored with the following laboratory studies: MANAGEMENT OF ADVERSE REACTIONS Piatele! count reductions Asympl 


“ere matic platelet count reduction (to less than 150.000/mrmn*) may be reversed within on 


“tt J its, liver enzymes, fluid and electrolyte week of a decrease in drug dosage Further, with no change in drug dosage. the cour 
Y may stabilize at lower than predrug levets without any Clinica! sequelae Predrug platelé 


ng os „and renal function. Hypokalemia should counts and frequent platelet counts during therapy are recommended t0 assist | 








ote i A decisions regarding dosage modifications 
G SIEC by potassium supplementation hod x olutalet et less than 150 000/mmn? occur, the following actions may D 
ance i i considered 
nce of or during amrinone use. GERI i cat una vince i oona: chaia onai have eile 
a Stabilized or returned to pretreatment levels 
© Decrease total daily dose 
Soe è Discontinue amnnone id, im the chica! pudgment of the physician. risk @xceeds tt 
Grossman W, Braunwald E, et al: Effects of amrinone on myocardial energy potential benetit 
n ics in patients with severe congestive heart failure due to Gastrointestinal side effects While gastrointestina! side etfects were seen infrequent 
rtery disease. Circulation 1980:62:28-34. with IV therapy. should severe or debilitating ones occur the physician may wsh | 
nee i reduce dosage or discontinue the drug based on the usual benetit-to-ris 
considerabons 


Hepatic toxicity in cleucal experience to date with IV admirustration Nepatotowicity Mni 
rarely been observed. If acute marked alterahons in iver enzymes OCCU together wi 
clinical symptoms, suggesting an idiosyncratic hypersensitiy ity reaction amrinor 
Sess | : : : . . therapy should be promptly discontinued 

fsummary of product information on this page for contraindications, adverse py shora De PORTY ume alerations occur without chnical symptoms: the: 
nt selection, and precautionary recommendations. nonspecific changes should be evaluated on an individual basis The clinician may we 
X to continue amnnone and reduce the dosage or discontinue Ine drug based on Ine usu 
benefit.to nsk considerations 
HOW SUPPLIED Ampuis of 20 ml sterile. clear yellow solution containing INOCC 
5 mg/mL. box of 5 (NDC 0024.0888-20) Each 1 mL contains INOCOR lactate equ 
lent to 5-mq base and 0 25 mg sodium metabisulfite n water for nection 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine.'” 








e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.'* 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 ug/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 pg/kg)."* 

e May be the preferred reversal agent for atracurium and vecuronium 
‘...COmpared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’” 


“Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.’” 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984, 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982. 
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Anaquest 





® 
Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 

ENLON (edrophonium chloride injection, USP) is a rapid acting cholinergic 
(cholinesterase inhibitor) Chemically edrophonium chloride is ethyl 
(m-hydroxypheny!) dimethylammonium chloride and its structural formula is 


C2H5 


HO N+ (CH3)2 Cl- 


ENLON contains in each mL of sterile solution. 

10 mg edrophonium chloride compounded with 0.45% phenol and 02% sočum 
sulfite as preservative, buffered with sodium citrate and citric acid. Its pH is adjusted 
to approximately 5.4. 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transrmussion 
primarily by inhibiting or inactivating acetyicholinesterase. By inactivating the 
acetylcholinesterase enzyme, acetylcholine is not hydrolyzed by acetyicholinestemase 
and is thereby allowed to accumulate The accumulation of acetylcholine at the mites 
of cholinergic transmission facilitates transmission of impulses across the myoneural 
junction. 


INDICATIONS AND USAGE 

ENLON (edrophonium chloride injection, USP) is recommended as a reversal agent 
or antagonist of nondepolarizing muscle relaxants such as tubocurarine, metocunne, 
atracurium, vecuronium, or pancuronium. It is not effective against depolanszing 
relaxants such as succinylcholine and decamethonium. It is also useful if used 
adjunctively in the treatment of respiratory depression caused by curare overdosage 
ENLON is recommended for use in the differential diagnosis of myasthenia grevis 
It may also be used as an adjunct to evaluate treatment requirements of the disease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommercied 
for maintenance therapy in myasthenia gravis 


CONTRAINDICATIONS 

ENLON (edrophonium chloride injection, USP) is not to be used in patients with 
known hypersensitivity to anticholinesterase agents, or in patients having urinary 
obstructions of mechanical type. 


WARNINGS 

It is recommended that 1 mg atropine sulfate should be made available for immediate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial asthma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following admuinistrauion 
of edrophonium chloride have been reported. It is postulated that these are vagoteruc 
effects. 


PRECAUTIONS 

General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtamed 
prior to discontinuation of respiratory assistance Should a patient develop 
“anticholinesterase insensitivity” for brief or prolonged periods, the patient shculd 
be carefully monitored and the dosage of anticholinesterase drugs reducec or 
withheld until the patient again becomes sensitive to them 

Drug Interactions: The drug should not be administered prior to the admınıstraiton 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are aliso on 
anticholinesterase drugs Anticholinesterase overdosage (cholinergic crisis) 
symptoms may mimic underdosage (myasthenic weakness) so the use of this crug 
may worsen the condition of these patients (see OVERDOSAGE section for treatment). 
Pregnancy Category C: It is not known whether ENLON (edrophonium chlonde 
injection, USP) can cause feta) harm when administered to a pregnant womas or 
can affect reproduction capacity, since there have been no adequate and well 
controlled studies in humans. 

Labor and Delivery: The effect of ENLON on the mother and fetus, on the 
duration of labor or delivery, on the possibility that forceps delivery or other 
intervention or resuscitation of the newborn will be necessary is not known The 
effect of the drug on the later growth, development and functional maturatios of 
the child is also unknown. 

Nursing Mothers: The safety of ENLON during lactation in humans has not been 
established 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chloade 
injection, USP) should be observed for bradycardia or cardiac standstill and 
cholinergic reactions if an overdosage is given. Reactions common to enti- 
cholinesterase agents such as edrophonium chloride are: 

Cardiovascular: arrhythmias (especially bradycardia), fall in output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia, 
Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastric and 
intestinal secretions, diarrhea, abdominal cramps: 

Musculoskeletal: weakness and fasciculations: 

Miscellaneous: increased urinary frequency, diaphoresis, increased jacrimebon, 
pupillary constriction, diplopia, and conjunctival hyperemia. 


Anaquest 

2005 West Beltline Highway 
Madison WI 53713 2318 

608 2730019 800 ANA DRUG 


* « A Division of BOC Inc 


OVERDOSAGE 
Muscarinedike symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage (cholinergic 
crisis) of BNLON (edrophonium chloride injection, USP) but may be managed by 
the use of atropine. Obstruction of the airway by bronchial secretions can arise and 
may be managed with suction (especially if tracheostomy has been performed) and 
by the use of atropine Signs of atropine overdosage such as dry mouth, flush and 
tachycardi# should be avoided as tenacious secretions and bronchial plugs may form. 
Should edeophonium chloride overdosage occur 

1. Maineain respiratory exchange. 

2. Monsor cardiac function. 
Appropriase measures should be taken if convulsions or shock are present 


DOSAGE AND ADMINISTRATION 

The recommended adult intravenous injection for antagonism of neuromuscular 
block: 

Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage 
may be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is 
manifest within 30 to 60 seconds after injection. Response should be monitored 
carefully and assisted ventilation should always be employed. When given to 
counteract muscle relaxant overdosage, the dose effect on respiration should be 
observed prior to repeat dosages and assisted ventilation should be employed 
ENLON (edrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthen.s Gravis: 

Adults: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON 
and an intmvenous needle, intravenously inject 02 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 05 mg atropine sulfate. Inject the 
remaining 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may 
be repeated after one-half hour. 

Intramuscular Dosage: Intramuscularly inject 1 mL (10 mg) of ENLON. If 
hyperreact’vity (cholinergic reaction) is demonstrated, retest the patient after one- 
half hour with another intramuscular injection of 0.2 mL (2 mg) ENLON This will 
eliminate ‘he possibility of false-negative reactions 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconds, 
incremente! doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a Maximum total dose of 05 mL (5 mg). The recommended dose in infants is 
0.05 mL (05 mg) 

Intravenous dose in children weighing above 75 pounds: 

intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incrementa! doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a Maximum total dose of 1 mL (10 mg). 

Intramuscular Dose: intramuscularly inject 02 mL (2 mg) ENLON in children 
weighing up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg) All signs 
of hyperreactivity (cholinergic reaction) noted in the intravenous test will be 
demonstrated in the intramuscular test; however, there is a two to ten minute delay 
before reaction 

ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dese of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease The recommended dose is 0.1 mL to 02 mL (1 mg to 
2 mg) administered intravenously. Response to ENLON test dose in treated 
myastheni> patients is summarized as follows 

Undertreated patient: Myasthenic response, characterized by increased muscle 
strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb 
strength). This indicates inadequate treatment of the myasthenic condition. 
Controlled patient: Adequate response, characterized by no change in muscle 
strength wath minimal side reactions (lacrimation. diaphoresis, salivation, abdominal 
cramps, nausea, vomiting, diarrhea). Fasciculations (orbicularis oculi, facial muscles, 
limb muscles) may or may not occur The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response, characterized by decreased muscle 
strength and severe side reactions. Fasciculations may be observed. This response 
occurs in myasthenics who have been overtreated with anticholinesterase drugs. 
ENLON (edrophonium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory 
distress with inadequate ventilatory exchange, and unpredictable response to 
medication. If the patient is apneic, achieve ventilatory exchange immediately to 
avoid cardiac arrest and irreversible central nervous system damage. 

The ENLOW Test should not be conducted until respiratory exchange is maintained 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. 
Whereas, upon administration of ENLON the myasthenic patient will demonstrate 
improved sespiration and can be given additional medication. To perform the test 
prepare a syringe with 02 mL (2 mg) ENLON and intravenously inject 0.1 mL 
(1 mg). The patient's cardiac and respiratory actions should be observed for change. 
The remaining 0.1 mL (1 mg) may be injected after one minute if no response is 
noted. If, efter the entire 0.2 mL (2 mg) dose has been injected, no improvement 
in respiration occurs, discontinue all anticholinesterase drugs. Controlled ventilation 
can be achieved by tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (edrophonium chloride injection, USP): 
NDC 10019-873-15 15 mL multidose vials. 
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Crucial decisions in anesthesiol- 


ogy? Consult this book! From 

the basic principles to specialty 

problems, these algorithms 
guide you through decisions 
and their logical results. 
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All New 2nd Edition! 
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By James E. Cottrell, M.D. and 

Herman Turndorf, M.D.; with 42 

contributors 

“I recommend this book to all 
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patients.” (Anesthesia and Anal- 
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clinical knowledge 

e discusses anesthetic and sur- 
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MAY 24-27, 1987, RAI CONGRESS CENTRE, AMSTERDAM, THE NETHERLANDS 


Medical Imaging and Visual Dcoumentation techniques are becoming increasingly 
sophisticated, giving physicians invauiable diagnostic tools, for examining virtually every 
area of human physiology and pathctogy. But this growth in scope and scale makes it 
increasingly difficult for physicians tc keep abreast of all the latest developments. In 
response to this clear and clearly expressed need, the International Society for 
Photoscopy is organizing DOCUME) EUROPE '87, the first European conference on 
imaging technology and visual documentation in medicine. 


DOCUMED EUROPE '87 will b= held at the RAI Congress Centre in Amsterdam, The 
Netherlands, from May 24-27, 1987 

A comprehensive range of top Zs will be covered in the plenary sessions and in 
minisymposia, seminars and works ps. 

Running concurrently with the conference, VIDIMED '87 will be the first international 
exhibition devoted exclusively to theshardware and software of imaging technology and 
visual Gocumentation in medicine 


For full details on participation in DOCUMED EUROPE '87, and VIDIMED '87 please contact: 
Organisatie Bureau Amsterdam bv 


Europaplein 12,1078 GZ Amsterdam, The Netherlands 
Tel: (31)20-44 0807, Telex: 13499 raico nl 
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Cardiovascular Function during Controlled Hypotension Induced 
by Adenosine Triphosphate or Sodium Nitroprusside in the 


Anesthetized Dog 


Nguyen D. Kien, PhD, David A. White, MD, John A. Reitan, MD, and John H. Eisele Jr, MD 


KIEN ND, WHITE DA, REITAN JA, EISELE JH Jr. 
Cardiovascular function during controlled hypotension 
induced by adenosine triphosphate or sodium 
nitroprusside in the anesthetized dog. Anesth Analg 
1987;66: 103-10. 


The present study was undertaken to compare the hemo- 
dynamite effects of adenosine triphosphate (ATP) and sodium 
nitroprusside (NP) given in equieffective doses to induce 
hypotension during halothane anesthesia. Eight dogs, in- 
strumented with pressure and ultrasonic dimension trans- 
ducers for assessment of left ventricular (LV) performance, 
were given both NP and ATP. Regional blood flow was 
measured by radioactive microspheres, After 20 min of in- 
fusion, both drugs decreased systemic arterial pressure by 
36% with minimal changes in cardiac index (Cl), LV end- 
diastolic pressure, or heart rate. However, hypotension 
produced by ATP was associated with a greater CI (3.84 
+ 0.32 vs 2.97 + 0.35 Lenin m >°) than was NP and 


Vasodilators have been used to induce hypotension 
during anesthesia for reduction of intraoperative blood 
loss and improvement of the surgical field. Among 
the drugs used to induce hypotension, sodium nitro- 
prusside (NP) has been most popular because of its 
potency and relatively short half-life. However, NP 
may be associated with cyanide toxicity, rebound hy- 
pertension, and tachyphylaxis (1-3). Recently, aden- 
osine triphosphate (ATP) has been advocated as a 
hypotensive agent because of its potent vasodilatory 
effect in most vascular beds (4,5). Because the safety 
of clinical hypotension depends on myocardial per- 
formance and the adequacy of blood supply to various 
organs, this study was designed to compare the ef- 
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also associated with a further decrease in systemic vascular 
resistance (14.4 + 1.40817.7 + 2.2 mm He-L> amine ne). 
Left ventricular global function, measured by the slope of 
the lmear regression line of the LV end-systolic pressure- 
diameter relation (Ees), did not change significantly after 
either drug. Blood flow to the coronary bed was significantly 
greater with ATP than with NP (231.6 + 30.6 vs 81.7 + 
6.1 malmin 1100 @ 1). Except for an increase in hepatic 
arterial blood flow with NP, neither ATP nor NP signifi- 
cantly altered blood flow to the brain, spinal cord, spleen, 
kidney, jejunum, muscle, and skin. Controlled hypotension 
by ATP was stable and rapidly reversible without rebound 
hypertension, The results of this study indicate that ATP 
isa rapidly acting, effective hypotensive agent that compares 


favorably with NP. 


Key Words: 
tensive. 


ANESTHETIC TECHNIQUES—hypo- 


fects of equihypotensive doses of ATP and NP on left 
ventricular function and peripheral blood flow in dogs 
during halothane anesthesia. 


Methods 
Surgical Preparation 


Eight mongrel dogs (either sex) (20-27 kg) were 
anesthetized with thiamylal, 15 mg/kg IV, intubated, 
and ventilated using a positive-pressure Harvard res- 
pirator. Anesthesia was maintained with 1.5% halo- 
thane in oxygen. A semirigid catheter was inserted 
into the thoracic aorta via the femoral artery. Cardiac 
output was measured by thermodilution using a pul- 
monary artery catheter and an Edward’s computer 
(Model 9520 A), with iced saline as the indicator. 
Through a left thoracotomy at the fifth intercostal space, 
the pericardium was opened and a flexible poly- 
ethyiene catheter inserted into the left atrium via the 
appendage for pressure measurements and injection 
of radioactive microspheres. Left ventricular (LV) 
pressure was measured with a Königsberg miniature 
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transducer secured in the left ventricle via a stab wound 
in the apex. Left ventricular end-diastolic pressure 
and dP/dt were derived from the LV pressure tracing. 
The Königsberg transducer was calibrated in vitro 
against a mercury manometer and in vivo against aor- 
tic systolic pressure and left atrial pressures. Frequent 
calibration was made to eliminate the electrical drift 
of this transducer. Blood pressure was measured with 
a Statham P-23 Db strain gauge. Pulse-transit ultra- 
sonic dimension transducers were implanted in pairs 
1) on the epicardium across the anterior—posterior mi- 
nor axis to measure the transverse external diameter, 
2) into the anterior lateral free wall to measure the 
segmental length in the plane of the minor axis, and 
3) on the epicardium and opposite endocardium of 
the lateral free wall to measure wall thickness. Proper 
alignment of these transducers was confirmed with a 
high-frequency oscilloscope (Textronix, RM 647). 
Myocardial motions were monitored with a multi- 
channel sonomicrometer (Triton Technology, 120). In- 
flatable balloon occluders were placed around both 
vena cavae to vary preload during assessment of LV 
contractility. Blood temperature was measured con- 
tinuously and maintained at 37°C with heating pads. 
Hemodynamic data and ventricular dimensions were 
recorded on a direct-writing recorder (Gould, 2800 S) 
and on F-M magnetic tape (Ampex, SP-300) for sub- 
sequent analysis. 


Measurement of Distribution of Pertpheral 
Blood Flow 


Regional blood flow was measured with radioactive 
microspheres. The microspheres (15 wm) labeled with 
Cr, Ce, or Sr (3M Co.) were suspended in 10% 
dextran and 0.01% Tween-80. Prior to the injection, 
the microspheres were placed into an ultrasonic bath 
for 15 min and vigorously agitated using a mechanica: 
mixer to ensure dispersion. Microscopic examination 
was used to confirm the absence of microsphere ag- 
gregation. For each new batch of microspheres, the 
supernatant solution was injected to assure that no 
adverse effect on physiologic measurements was 
caused (6,7). Approximately 2-3 x 10° microspheres 
in 0.5-ml aliquots were injected over a 20-sec period 
and flushed in 4 ml of 37°C saline. Reference blood 
flow samples were withdrawn from a femoral catheter 
starting 15 sec before the microsphere injection and 
continuing for 2 min at a constant rate of 7.75 ml/min. 

At the end of the experiment, the dogs were killed 
with a halothane overdose and intravenous injection 
of saturated KCI. The sampled organs were then re- 
moved, cleaned of fat and attached vessels, sectioned, 
weighed, and counted for radioactivity at appropriate 
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energy windows by means of a multichannel pulse- 
height analyzer. In the heart, a one-half inch thick 
cross section of the left ventricle at the middle distance 
from the base to the apex was sampled. The free wall 
was divided into three different layers of equal thick- 
nesses: epicardium, midwall, and endocardium. Cor- 
tical samples were taken for measurements of blood 
flow to the brain and kidney; the muscle sample was 
collected from the biceps femoris. The spinal cord was 
sampled in a two-inch segment at the thoracic region. 
Samples were also taken from the spleen, liver, je- 
junum and skin. 


Experimental Protocols 


After completion of instrumentation, the end-tidal 
halothane concentration was reduced to 0.75% (1 MAC) 
measured by a calibrated monitor. Experiments were 
conducted 15 min after instrumentation when cardio- 
vascular stability was present and arterial blood gas 
tensions were normal. Whereas all pressures and LV 
dimensions were monitored continuously, cardiac 
output was averaged from intermittent triplicate mea- 
surements. Cardiac contractility was assessed during 
vena caval occlusion using the slope of the linear 
regression of the LV end-systolic pressure~diameter 
relation. To eliminate any respiratory influence on 
hemodynamic measurements, cardiac contractility was 
assessed while the respirator was turned off momen- 
tarily. Autonomic sympathetic reflex caused by vena 
caval occlusion was minimized by eliminating heart 
beats with R-R intervals varying more than 10% from 
the preocclusion interval. 

After the first baseline recordings, NP was infused 
vard infusion pump and recordings were made after 
20 min of infusion. A 60 min rest period was then 
allowed for recovery. 

After a second baseline recording, ATP was infused 
at 1 mg-kg~'.min~' and recordings were repeated as 
above. Microspheres were injected during the initial 
baseline and at 20 min of the NP and ATP infusions. 
The sequence of microspheres and the order of NP 
and ATP were alternated randomly so that each dog 
served as its own control. If the difference between 
the two baselines was larger than 5%, the experiment 
was invalidated and its data discarded. 


Calculations 


dioactive counts of tissue sample and reference blood 
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BASELINE CONTROL NP ATP 
(5u.g/K g/min) 


“CL 
(mmHg) k 


Figure 1, Representative recordings in 
one dog illustrate the immediate effects 
of NP and ATP. Arrows indicate onset 
of infusions with time scales at the bot- 


LVdP/4y 2000 
(mmHg/sec}) 0 


tom. At equal hypotensive levels, sim- 65 
ilar responses are observed except for a Ea 
more rapid onset of action and a greater smm 55 
systolic change in wall thickness with 
ATP. Abbreviations: LVP, left ventric- SL O 
ular pressure; LVdp/dt, first derivative inmi 
of left ventricular pressure tracing; MA, p 
minor axis; SL, segmental length; WT, 
wall thickness; SAP, systemic arterial 4 
pressure. wT 
{mm} 9 
SAP 190 
{mmHg} 0 


respectively; Qr and Wt are reference flow rate and 
tissue sample weight. Radioactive counts of tissue 
samples in counts per minute were computer cor- 
rected for background and crossover energy between 
the isotopes by means of standard stripping formulas. 
From the measurements of myocardial perfusion, we 
calculated the transmural distribution of blood flow 
(endocardial/epicardial flow ratio) and endocardial 
flow/wall stress ratio. 

Hemodynamic values were averaged from data ob- 
tained during the steady state recording periods. Fif- 
teen consecutive heart beats with no apparent ar- 
rhythmia were analyzed at end-systole. For each heart 
beat, end-systole was defined as 20 msec before the 
peak negative LVdP/dt and end-diastole was assumed 
at the beginning of the rapid rise in LVP after atrial 
systole. The LV end-systolic pressure—diameter re- 
lation was evaluated using the equation: P = Ees (D 

Da) where P and D are LV end-systolic pressure 
and diameter respectively, Da is the intercept of the 
diameter axis, and Ees is the slope of the linear regres- 
sion line connecting the end-systolic points of the 
pressure-diameter relations at various ventricular 
loading levels. Percent systolic shortening was cal- 
culated as the percent of systolic dimension change 
divided by the end-diastolic dimension. 

The LV end-systolic meridional wall stress was cal- 
culated as described by Colan et al. (8): 


1.35 P-Di 
4(h) (1 + h/D) 


g es = 


where o es is LV end-systolic meridional wall stress 


(tmg/Kg/min) 





in gem’, and P, Di, and h are pressure, internal di- 
ameter, and wall thickness of the left ventricle at end- 
systole, respectively. 

Data from eight dogs were summarized as mean 
+ SEM. Hemodynamic changes during NP and ATP 
infusion were expressed as percent change from con- 
trol. Statistical analysis of data included analysis of 
variance and Student's t-tests for paired data. Prob- 
ability values less than 0.05 were considered statis- 
tically significant. 

The use of the animals was approved by the Uni- 
versity’s animal care committee. All animals received 
care in compliance with the “Principles of Laboratory 
Animal Care,” formulated by the National Society for 
Mecical Research, and the “Guide for the Care and 
Use of Animals,” prepared by the National Academy 
of Sciences, and published by the National Institutes 
of Health (NIH Publication No. 80-23, revised 1978). 


Results 


Hypotension induced with ATP was rapid in onset, 
stable, and easily reversible. A steady state blood 
pressure was obtained 3.1 + 0.2 min after onset of 
the ATP infusion compared to 6.3 + 0.5 min with NP 
(P < 0.01). Upon termination of infusion, return of 
blood pressure to control was significantly more rapid 
with ATP than NP (4.1 + 0.3 vs 15.9 + 2.4 min with 
NP). Blood gas tensions in two dogs showed no evi- 
dence of metabolic acidosis at any time during the 
hypotensive period. Analog recordings obtained dur- 
ing baseline and hypotensive periods in one dog are 
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Table 1. Effects of Sodium Nitroprusside and Adenosine Triphosphate on Baseline Hemodynamics 








Sodium Adenosine 
Baseline itroprusside Baseline Triphosphate 
HR (beats/min) 102 + 5 H05 103 + 6 102 + 4 
SAP (mm Hg) 91 + 4 58 + 4 852-7 59 + 4 
LVP (mm Hg) 104 + 6 i ernie 103 = 4 S82 + 4+ 
LVdP/dt (mm Hg/sec) 1794 + 39 1417 + 78° 1729 + 156 1872 + 91° 
CE(L-min m?) IERE 435 DI EaD 230 2! 3.84 t.32 
SVI (mbbeat> m~?) 290 +30 Pee 2e7 29d l Bea 
SVRI (mm Hg L` min:m’) 28.6 + 3.4 A ene 28 E a7 14.4 + L4 
PAP (mm Hg) 15.6 + 8 14.0 + 1.0 torr tl 13.954 1.2 
LVEDP (mm Hg) PLR C 7.82 .4 8.0 + 4 
WS (g/cm) 46.6 + 6.7 24.2 + 3.7" 46.8 + 6.1 23.9 = 37" 
Ees (mm Hg/mm) 222 3 laa eS 17.0 & 2:3 1322.21 
MA (%55) Oa E Bema e e BaD 
SL (%55) 14.0 = 2.2 14.4 + 2.0 13.927 Ld) Be? 
WT (SST) 14.1 + 2.6 12 16 Los 15:6, 2-17" 


i a ae a a a kt ett 

Values represent the mean > SEM of eight dogs. 

Abbreviations: HR, heart rate; SAP, systemic arterial pressure; LVP, teft ventricular pressure, LVdp/dt, first derivative of left ventricular pressure tracing; 
Cl, cardiac index; SVI, stroke volume index; SVRL systemic vascular resistance index; PAP, pulmonary artery pressure; LVEDP, left ventricular end-diastolic 
pressure; WS, left ventricular end-systolic meridional wall stress; Ees, slope of the left ventricular end-systolic pressure-diameter relation; MA, minor axis; 
WSS, percent of systolic shortening; SL, segmental length; WT, wall thickness; 6ST, percent of systolic thickening, 

“P< 0.05 compared to control, 

*P =< 0.05 compared to sodium nitroprusside. 


*p<.05 compared to baseline 


40r enp tp<.05 compared to NP 
O u EZA atp ae 
Zz Z 20 Y 
= TT f, Figure 2. Comparison of the hemodynamic 
Oo” Y responses to NP and ATP. Changes are ex- 
3 = O praen 7 ae a LL. 77 pressed in percent from control. Note sig- 
nificant differences in CI and SVRI. Bars 
a = A Zz | A represent mean + SEM. Abbreviations: HR, 
Q Q j | : Y heart rate; SAP, systemic arterial pressure; 
7 a 20 GY mn = G LVEDP, left ventricular end-diastolic pres- 
Oo. Uy Wy sure; CI, cardiac index; SVRI, systemic vas- 
Vf, rs cular resistance index. 
a6 T f 
* ai 
ET 
HR SAP LVEDP Cl SVRI 


shown in Figure 1. Systemic arterial and LV pressures 


are displayed along with the minor axis diameter, 


segmental length, and wall thickness dimensions. 
Similar responses were observed after infusion of either 
ATP or NP. Table 1 summarizes the hemodynamic 
data obtained as baseline measurements and during 
hypotension. There was no significant difference be- 
tween the baseline values before administration of the 
two drugs. 

After 20 min of infusion with either ATP or NP, 
systemic arterial pressure decreased an average of 
36.4% below baseline levels without significant changes 
in heart rate or LV end-systolic pressure (Fig. 2). Dur- 
ing ATP infusion, the stroke volume index was 30% 


greater than that during NP. Because there was no 
change in heart rate, the increase in stroke volume 
index paralleled the increase in cardiac index ob- 
served with ATP. Calculated systemic vascular re- 
sistance was significantly lower with ATP than with 
NP (14.4 + 1.4 vs 17.7 + 2.2 mm Hg-L~ |-min-m’). 
The effects of ATP and NP on myocardial perform- 
ance are shown in Figure 3. Percent fiber shortening 
of the minor axis, segmental length, and wall thick- 
ness and the global performance of the left ventricle 
measured by Ees during induced hypotension were 
not significantly different from baseline values. How- 
ever, percent systolic thickening of the LV free wall 
increased significantly with ATP compared to NP (15.6 
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Figure 3. Comparison of the hypotensive 
effects induced by NP and ATP on myo- 
cardial performance. Changes are ex- 
pressed in percent from control. Percent of 
systolic thickening is significantly greater 
after ATP as compared to NP. Bars repre- 
sent mean + SEM, Abbreviations: MA, mi- 
nor axis; SL, segmental length; WT, wall 
thickness; Ees, slope of the left ventricular 
end-systolic pressure~diameter relation; WS, 
left ventricular end-systolic meridional wall 
stress. -40 
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*p<.05 compared to baseline 
+p<.05 compared to NP 
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Table 2. Myocardial Blood Flow during Hypotension Induced by Sodium Nitroprusside and Adenosine Triphosphate 


Baseline 
Heart (average) (23-276 
LV endocardium 86.3525. 77 
LV epicardium 793° 106 
Endocardium/Epicardium 1.08 + 0.13 
Endocardium/WS 175 021 


Sodium nitroprusside Adenosine triphesphate 


81.7 + 6.1 231.6 + 30.6" 
95.0 + 5.6 282.6 + 30.9" 
81.5 + 9.1 210.7 = 17.6" 
3.82 + 0.88" 1.21 + 1.926" 


A aah ata 


Values represent the mean + SkM of eight dogs and are expressed in mi-min’!:100gr°!. 
Abbreviations: LV. left ventricular; WS, left ventricular end-systolic meridional wall stress. 


“P< 0.05 compared to control. 
"P < 0.05 compared to sodium nitroprusside. 


+ 1.7 vs 12.5 + 1.6%, respectively). Left ventricular 
end-systolic meridional wall stress decreased an av- 
erage of 45%, indicating similar reductions in myo- 
cardial oxygen consumption during ATP or NP in- 
fusion. 

Myocardial blood flows measured before and dur- 
ing hypotension are shown in Table 2. During NP 
infusion, myocardial blood flow and the endocar- 
dial/epicardial flow ratio were not significantly dif- 
ferent from baseline levels. In contrast, during ATP 
infusion, myocardial blood flow increased threefold 
and the endocardial/epicardial flow ratio increased 40%. 
The balance between myocardial oxygen supply and 
demand was examined by the ratio of endocardial 
flow to wall stress. This ratio doubled from control 
with NP but increased six times with ATP. 

Table 3 shows the effects of NP and ATP on organ 
biood flow. During infusion of NP, hepatic arterial 
flow increased from 16.0 + 4.7 to 33.7 + 6.8 
mi-min~ +.100 g~’. Such an increase in hepatic arterial 
flow was not observed during infusion of ATP. Blood 
flow to the cerebral cortex, spinal cord, spleen, renal 
cortex, jejunum, muscle, and skin was unchanged 
during hypotension produced by either agent. 


Discussion 


Various techniques have been employed to reduce 
arterial pressure when excessive intraoperative hem- 
orrhage occurs (9). Although many organs have vas- 
cular autoregulatory mechanisms, the maintenance of 
normal perfusion may be altered under anesthesia or 
when arterial pressure decreases below a critical level. 
Because this critical level varies among organs and 
may be different among individuals, it is difficult to 
define a safe lower limit for blood pressure during 
induced hypotension. Nevertheless, clinically, in- 
duced hypotension is maintained most often at a mean 
arterial pressure of 60 mm Hg to avoid the pressure 
depencency of some organ blood flows when arterial 
pressure decreases below this level. 

In this study, our purpose was to compare the 
hemodynamic effects of ATP and NP at doses suffi- 
cient to reduce mean arterial pressure to 60 mm Hg. 
Previous investigations of ATP and NP have concen- 
trated primarily on systemic effects; the specific ef- 
fects of these vasodilators on myocardial performance 
have not been thoroughly examined. Using soncmi- 
crometry, dimensions of the left ventricle were mon- 
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Table 3. Organ Blood Flows during Hypotension Induced ey Sodium Nitroprusside and Adenosine Triphosphate 


jarisirran irearmussinirramtauts/Ur hunter AA HAEA ALAA arent A AAAA ea BAP RIAL BSA CESAR 


Sodium nitroprusside Adenosine triphosphate 


ammen inimareng aayy r 


Baseline 
Cerebral cortex se e 
Spinal cord La 37 
Spleen 123.8 = 21.6 
Hepatic arterial flow 16.0 + 47 
Renal cortex 501.3 + 33.1 
jejunum 102.9 + 11.4 
Muscle 40 + 0.6 
Skin 1.94.03 


meta 





50.9 5.2 51.4 2 7.4 
DOLI? 18.5 + 2.8 
126.6 2 25.5 138.9 + 20.3 
337 6.8" 159-253" 
533.0 + 54.3 454.5 2 14.5 
104.7 + 10.6 94.5 + 15.7 

44 + 0.6 4.22 0.8 

Lea 1.4 + 0.2 


Values represent the mean = sem of eight dogs and are expressed in mbmin '100g f. 


“P < 0,05 compared to control. 
"P < 0.05 compared to sodium nitroprusside. 


itored in the present study simultaneously with the 
measurement of the left ventricular pressure (LVP) 
for the assessment of myocardial performance. Whereas 
the change in regional performance was evaluatec 
from the percent of systolic shortening, the slope of 
the LV end-systolic pressure—diameter relations gen- 
erated during vena caval occlusion was used as an 
index of global change in contractility. This slope is 
independent of loading conditions and closely related 
to the inotropic state of the heart (10-13). The results 
indicate that myocardial performance was not altered 
significantly by either ATP or NP at the hypotensive 
level employed in this study. In fact, as compared to 
NP, cardiac contractility was greater with ATP. This 
is in contrast to the negative inotropic effects reportec 
when adenine compounds were administered to iso- 
lated mammalian hearts (14-16). 

Both ATP and NP caused rapid reduction in arterial 
pressure. This reduction was attributed mainly to a 
decrease in peripheral resistance secondary to arterial 
vasodilation. Systemic vascular resistance was signat- 
icantly lower with ATP than with NP, indicating that 
ATP exerted a more profound vasodilator effect on 
the peripheral vasculature. In parallel to the afterload 
reduction, stroke volume increased markedly during 
ATP infusion, which resulted in a higher cardiac out- 
put than that seen with NP. The difference in cardiac 
output between ATP and NP may be a result of the 
greater decrease in peripheral resistance caused by 
ATP or because of venodilation with a decrease in 
venous return produced by NP (17). 

Although NP did not have a significant influence 
on coronary blood flow, ATP increased coronary flow 
by threefold and altered the endocardial/epicardial fow 
ratio in favor of the endocardial layer, indicating the 
potency of the vasodilator effect of ATP in the cero- 
nary bed. In fact, the ratio of endocardial blood fow 
to wall stress, which reflects endocardial oxygen sup- 
ply/demand ratio, increased sixfold with ATP infu- 





s 
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sion. Apparently ATP provides luxury perfusion in 
the endocardial layer. 

Our findings show that hypotension induced by 
either ATP or NP was not associated with a change 
in heart rate. In conscious dogs with intact baroreflex 
mechanisms, infusion of NP caused an immediate 
increase in heart rate with a corresponding decrease 
in arterial pressure (18). However, in anesthetized 
animals, no change in heart rate was observed at a 
dose of NP similar to that used in this study es 
In other investigations, increases in HR and plasma 
catecholamines levels were reported at high cumu- 
lative doses of NP, which suggested that enhanced 
sympathetic activity was responsible for the tachy- 
cardia observed when NP was infused for a longer 
period (22) or at a larger dose (23). Reports on the 
chronotropic responses to ATP, on the other hand, 
have not been consistent. Adenine compounds were 
found to inhibit norepinephrine release from sym- 
pathetic nerve endings (24), reduced atrioventricular 
node conduction velocity and elicited a negative 
chronotropic effect (25). In an isolated atrium prep- 
aration, Chiba et al. demonstrated that the chrono- 
tropic effect of ATP switched from negative to positive 
as the dose of ATP increased (26). Under halothane 
anesthesia, heart rate either decreased (4,5) or was 
maintained at baseline, as observed in this study, dur- 
ing ATP infusion; whereas tachycardia after ATP was 
reported with morphine and piritramide anesthesia 
(27,28). What exact influence anesthesia and dosage 
may have on the chronotropic effect of ATP in the 
intact animal is not clear. 

Blood flow to the cerebral cortex did not change 
after administration of either ATP or NP, indicating 
that the cerebrovascular autoregulatory mechanisms 
remained intact at the level of hypotension studied. 
At a greater reduction of arterial pressure, ATP was 
reported to decrease cerebral blood flow in a dose- 
dependent fashion in baboons (29) and dogs (21,30). 
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Similar to the cerebral circulation, blood flow to the 
spinal cord, spleen, kidney, jejunum, muscle, and 
skin was well maintained during infusion of ATP and 
NP. This constancy of flow indicated that perfusion 
of these tissues was not pressure-dependent at an 
arterial pressure of 60 mm Hg. Apparently at this level 
of hypotension autoregulatory limits were not ex- 
ceeded. 

In this study, the hepatic arterial blood flow was 
unaltered by ATP, whereas it increased twofold dur- 
ing NP infusion. Because the radioactive microsphere 
technique measures the arterial perfusion of an organ, 
blood flow to the liver in our study only accounts for 
the hepatic arterial flow and does not include the 
portal venous inflow (31). The splanchnic circulation, 
which drains into the portal vein, is sympathetically 
innervated. Increases in plasma renin activity and cir- 
culating catecholamine levels associated with NP (22,32) 
may induce vasoconstriction in the splanchnic bed 
that, in turn, decreases portal venous inflow. There- 
fore, the increased flow to the liver observed during 
NP infusion is likely to be a result of the reciprocal 
mechanism of the hepatic vasculature, which dilates 
the hepatic artery in response to the portal vein re- 
striction. 

In summary, ATP and NP reduced arterial pressure 
by decreasing systemic vascular resistance. Cardiac 
output was greater with ATP than with NP because 
of an increase in stroke volume while heart rate did 
not change. Adenosine triphosphate produced a spe- 
cific vasodilator effect on the coronary bed that was 
much more potent than that of NP. Except for an 
increase in hepatic arterial blood flow with NP, organ 
perfusion was not altered significantly when either 
ATP or NP was infused to reduce arterial pressure to 
60 mm Hg. The results of this study indicate that ATP 
compares favorably with NP and may be an attractive 
agent for inducing clinical hypotension. 
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The effects of enflurane (end-tidal concentration 0.7%) on 
central and coronary hemodynamics and myocardial oxy- 
genation were studied during steady state, high-dose fen- 
tanyl anesthesia in ten patients undergoing coronary artery 
bypass grafting operations. Compared with the response in 
ten patients receiving the same fentanyl anesthesie (100 
ugíkg) without enflurane supplementation, enflurane caused 
aq moderate reduction in mean arterial pressure, systemie 
vascular resistance, and left ventricular stroke work index. 
No patient showed signs of myocardial ischemia, and mean 
coronary sinus flow and calculated coronary resistance re- 
mained unchanged. Surgical stimulation induced no central 


Se, 





Preservation of hemodynamic stability and myo- 
cardial oxygenation is usually established. during an- 
esthetic induction and tracheal intubation in most pa- 
tients undergoing a coronary artery bypass operation 
with high-dose fentanyl anesthesia (1,2). However, 
during sternotomy a hypertensive response is often 
seen in spite of total doses of 50-100 g/kg of fentanyl 
(1,3). Because increasing the total doses of fentanyl 
(4,5) or different modifications of the technique for 
administering fentanyl (6) have not been satisfactory 
in preventing this response, inhalation anesthetics (4) 
and vasodilating drugs (4,7) are usually used as ad- 
juvants to high-dose fentanyl anesthesia during ster- 
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or coronary hemodynamic responses in the enflur- 
ane~ atanyl group. No coronary hemodynamic changes 
occusred it the fentanyl group, but a marked increase in 
arterial pressure and systemic vascular resistance was seen. 
Myos dial oxygen extraction decreased in the enflurane 
suppiemented group although it increased in the fentanyl 
group after surgical stimulation. Three fentanyl group pa- 
tients and one enflurane— -fentanyl group patient had a low 
HLYOC: ardial lactate extraction as a sign of myocardial isch- 
emin’ during surgery. We conclude that a 0.7% enflurane 
suppi: ementation of 100 ug/kg fentanyl anesthesia does not 
endaiger myocardial oxygenation and effectively prevenis 
central ae Pe r hae to ee inci- 


air 





al 


surgery. 


Key Words: ANESTHESIA—cardiovascular. ANES- 
THETICS, inrraveNnous—fentanyl. ANESTHETICS, 
VOLATILE—enflurane. 











noterhy. However, the coronary hemodynamic ef- 
fects of these agents are not fully understood and 
unfevorabl e regional changes in the myocardial ox- 
ygenation have been reported during z anesthesia with 
near-MAC concentrations of enflurane in patients with 
ischemic heart disease (8,9). In this study we exam- 
ined the central and coronary hemodynamic effects 
of enflurane when used as a low-concentration ad- 
juvant to high-dose fentanyl anesthesia in order to 
prevent hypertension during the sternotomy in pa- 
tients jundergoins coronary bypass grafting. 





Patie ents and Methods 


After obtaining their informed consent, twenty pa- 
tients scheduled for elective coronary bypass grafting 
were studied. The study protocol was also approved 
by the Ethics Committee of the Medical Faculty of the 
University of Turku. No patient had a left ventricular 
ejection fraction below 0.45 or a coexisting valvular 
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Table 1. Patient Data 








F E-- oF 

Age (years) 58 + 3 52-5 
Sex (male/female) 10/0 10/0 
Diseased main coronaries* 2.5.4 0.5 2.6 + 0.4 

(number of vessels) 
LV ejection fraction (%)* 71 + 11 65 +15 
LV wall dyskinesia (number of 3 

patients) 
LV end-diastolic pressure* 127 
AMI history (number of patients) 6 
Arterial hypertension (number of 3 

patients) 
NYHA class (number of patients) 

i 1 

Ul 9 





Abbreviations: F, fentanyl group; E+F, enflurane-supplemented fen- 
tanyl group; LV, left ventricle; AMI, acute myocardial infarction. 
‘Mean values + sD are presented. 


anomaly. Preoperative patient characteristics are 
summarized in Table 1. All medications except p- 
blockers were discontinued the evening before the 
surgery; the last oral dose of B-blocker (metoprolol) 
was given to the patients 1.5 hr before induction of 
anesthesia. Premedication consisted of 0.2 mg/kg 
morphine and 6 ng/kg scopolamine given intramus- 
cularly 1 hr before induction, A triple lumen, flow- 
directed, pulmonary artery thermodilution catheter 
and a Webster coronary sinus catheter were inserted 
under fluoroscopy, and a radial artery was cannulated 
using local anesthesia. 

Anesthesia induction and maintenance were simi- 
ilar in all patients until the beginning of the operation. 
Anesthesia was induced with an intravenous infusion 
of 75 ug/kg of fentanyl preceded by an injection of 4 
mg (patients with less than 80 kg of body weight) or 
5 mg (patients over 80 kg) of lorazepam and, for mus- 
cle relaxation, 1:5 mg of pancuronium. Additional 
pancuronium up to a total dose of 0.1 mg/kg was 
injected when the patient became unresponsive to 
verbal commands: After tracheal intubation the pa- 
tients were ventilated with oxygen in air (Fio, 0.40). 
For anesthetic management during the operation the 
patients were randomly divided into two groups, a 
fentanyl group and an enflurane—fentanyl group. Be- 
fore the skin incision a 25-yg/kg dose of fentanyl was 
given to the patients in both groups. In the enflur- 
ane-fentanyl group, enflurane was administered to 
reach a stable end-tidal concentration of 0.7% (Nor- 
mac, Datex, Espoo, Finland) before the start of sur- 
gery. Normoventilation was assured by measure- 
ments of end-tidal CO, tensions (Normocap, Datex, 
Espoo, Finland). 
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Figure 1. The effects of enflurane on central hemodynamics and 
on hemodynamic responses to surgery in patients undergoing coro- 
nary revascularization with high-dose fentanyl anesthesia. MAP, 
mean systemic arterial pressure; LVSWI, left ventricular stroke work 
index; SVR, systemic vascular resistance. P denotes the error risk 
in considering enflurane to have an effect on the response between 
the measuring occasions indicated, as compared with the group 
without enflurane. 


Baseline hemodynamic and cardiometabolic data 
were recorded about 30 min after induction after prep- 
aration of the patient for surgery. At this stage pa- 
tients had received the total dose of 100 ug/kg of 
fentariyl. The cardiac index, determined by thermo- 
dilution, and systemic arterial, pulmonary arterial, 
pulmonary capillary wedge, and central venous pres- 
sures at end expiration were recorded. Heart rate and 
ECG from six standard extremity leads and chest lead 
V; were recorded and coronary sinus flow was mea- 
sured using the retrograde thermodilution method 
described by Ganz et al. (10). An ST-segment change 
of 0.1 mV or more or a decrease in myocardial lactate 
extraction of at least 50% and to a value less than 15% 
were taken as signs of myocardial ischemia. The latter 
criteria are based on pacing-induced angina studies 
in awake patients with coronary artery disease con- 
ducted by Ihlen et al. (11). Coronary vascular resist- 
ance was calculated using the formula (diastolic ar- 
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Table 2. Changes in Central Hemodynamic Parameters : 
l 2 a. 4 Group—event interaction, error risk 
Before After After After T oe vag pee, 
Group enflurane enflurane skin incision — sternotomy Overall lvs2  2vs3  2vs4 
MAP (mm Hg) F Hid =. 12 112 £9 129 + 12 14} + 13 0.000 0.023 0.024 0.003 
E+E 108 + 11 90 + 9 oe OU. 210 = a me 
PCWP (mm Hg) F G62 h + 2 72+ 3 O + A m tale ae 
E+F Bos 2 ae 10.2 3 9+ 3 ee mee 
HR (beats/min) F g-a 12 59 + 10 aS 21) 59 + 10 — -= a — 
EE 59 + Il 58 + 10 55, 10 58 + 10 — — See 
Ci (Lmin bm ^) F 2.14 0:53 2.28 + 0.49 202-22 (22 2.18 + 0.34 — — — -= 
E+F 2032042 1924055 1.944043 1.93 + 0.40 — —_ — — 
LYSWI (g m/m’) F 37E GO 39.8 + 90 41.8 + 8.5 48.3 + 12.9 0.000 0.023 — — 
EFF ie aoe 0 6, 25.5 26.0 Ie oe a 26.0 26.2 -= a me 
SVR (dvne-em-sec >) F 1509 + 308 1387 £ 293 L/S 258 1829-2. 318 0.000 on 0.012 0.000 
EEF 1438 > 355 1256 + 247 1251 + 238 1235 2 257 -= — me - 


Abbreviations: F, fentanyl group; E + F, enflurane supplemented fentanyl group: ? 


MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; 


HR, heart rate; CL cardiac index; LVSWI1, left ventricular stroke work index: SVR, system vascular resistance. 
Values are mean + sb. Significant group-event interaction in the analysis of variance for repeated measurements was regarded as a different response 


between the two groups on the measurement occasions indicated. 


terial pressure — pulmonary capillary wedge pres- 
sure)/(coronary sinus flow). For evaluation of myo- 
cardial oxygenation, samples of blood from the radial 
artery and the coronary sinus were drawn simulta- 
neously for immediate analysis of oxygen and lactate 
concentrations. To evaluate the effects of enflurane 
supplementation the measurements and blood sam- 
plings were ae ase a stable end-tidal enflurane 
concentration of 0. Foa been es the ob- 

' a data col- 
lected raat the same Sed from patents receiving 
fentanyl only. The hemodynamic and cardiometabolic 
responses to surgical stimulation were assessed by 
measuring the above parameters after the skin inci- 
sion and after retraction of the sternal edges, and 
comparing these values with those obtained imme- 
diately before skin incision. 

Analysis of variance for repeated measurements 
technique (12) was employed first on the whole data, 
and, in the case of a significant main effect or inter- 
action, further contrasts between individual measur- 





ing occasions were made using the same analysis of 


variance technique. The Bonferroni correction for 
multiple comparisons was applied. Intergroup differ- 
ences in responses between two measurement occa- 
sions surrounding events like enflurane administra- 
tion, skin incision, and sternotomy were of main 
interest, and thus attention in the statistical analysis 
was focused on the group—event interaction term. En- 
flurane was considered to have an effect if there was 
group-—event interaction at the risk level of 0.05 or 
less. 


Results 
Effects of Enflurane Itself 


The 0.°% end-tidal enflurane concentration decreased 
mean arterial pressure (17%) and left ventricular stroke 
work index (23%), as opposed to stable levels in the 
group receiving high-dose fentanyl anesthesia with- 
out supplementation (Fig. 1, Table 2). In individual 
patients the mean arterial pressure decrease varied 
between 29 and 0%; the lowest value was 60 mm Hg. 
No changes occurred in other central hemodynamic 
parameters in either group at this stage. Neither were 
there changes in either group in coronary sinus blood 
flow. of in calculated coronary vascular resistance dur- 
ing this time. The arterial-coronary sinus oxygen con- 
tent déference showed a tendency to decrease in re- 
sponse to the administration of enflurane that was 
not statistically significant (Fig. 2, Table 3). There were 
no overall changes in myocardial lactate metabolism 
in the groups, but in one patient lactate extraction 
increased from an ischemic level (7%) to a nenisch- 
emic level (16%) during the administration of enflur- 
ane. No patient showed ST-segment changes in the 
ECG indicative of ischemia during this time period. 





Enflurane and the Response to Surgery 
4 a2 a 


The skin incision and sternotomy caused an average 
increase of 23% in mean arterial pressure and systemic 
vascular resistance in the fentanyl group whereas no 
changes in these parameters were seen in the enflur- 
ane-fentanyl group (Fig. 1, Table 2). Mean arterial 
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Figure 2. The effects of enflurane on coronary hemodynamics and 
myocardial metabolism and on responses to surgery in patients 
undergoing coronary revascularization with high-dose fentanyl 
anesthesia. CSF, coronary sinus blood flow; DAP-PCWP, diastolic 
systemic arterial pressure-pulmonary capillary wedge pressure (the 
difference was taken as the coro rfusion pressure); (a-cs)DO, 
arterial-coronary sinus oxygen content difference. P as in figure 1. 


pressure increased at least 20% in response to surgery 
in eight of ten fentanyl patients (the greatest increase 
was 45%), and an increase to a level at least 20% above 
awake, sedated levels was seen in three of ten fen- 
tanyl patients after sternotomy. In the enflur- 
ane—fentanyl] patients mean arterial pressure changed 
little and remained lower than it was before induction 
in all patients. 

After surgical stimulation the arterial—coronary si- 
nus oxygen difference increased in the fentanyl group 
but decreased in the enflurane—fentanyl group (Fig. 
2, Table 3). Surgery caused no significant change in 
either group in mean values of heart rate, cardiac 
index, coronary sinus flow, coronary vascular resist- 
ance, or myocardial lactate extraction. Coronary sinus 
blood flow did not change in either group despite a 
remarkable increase in the coronary perfusion pres- 
sure (diastolic arterial pressure — pulmonary capillary 
wedge pressure) in the fentanyl group in contrast to 
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stable levels in the enflurane—fentanyl group (Fig. 2). 
However, myocardial lactate extraction decreased to 
a very low level—less than 10%—in one patient in 
each group. Additionally, two fentanyl patients had 
a sharp decrease (by 50 and 55%) in the myocardial 
lactate extraction during surgery; one of these two 
patients also had ischemic changes in lead Vs in his 
ECG. In those fentanyl patients who showed ischemic 
signs during the surgical stimulation, a hypertensive 
response was also seen although no such response 
was noted in the single enflurane—fentany] patient 
with a low level of myocardial lactate extraction (2%) 
during surgery. 


Discussion 
Evaluation of Methods 


Chemical analysis of coronary sinus blood and the 
retrograde thermodilution flow measurement intro- 
duced by Ganz et al. do not measure regional changes 
in coronary flow and myocardial oxygenation; they 
reflect mainly changes in the whole left ventricular 
myocardium. Such data may thus tend to underes- 
timate myocardial ischemia and must be interpreted 
with caution (13). Furthermore, limits for a “normal” 
myocardial lactate extraction remain undefined. We 
have used criteria of myocardial ischemia developed 
in the studies of Ihlen et al. (11), who found that 
pacing-induced angina in awake patients generally 
appeared in parallel with a reduction in myocardial 
lactate extraction by 50% or more and to an absolute 
value of 15% of the arterial lactate value. As angina 
is a late sign of myocardial ischemia, the lactate ex- 
traction criteria may also be somewhat insensitive. In 
our studies four patients fulfilled the lactate extraction 
criteria of myocardial ischemia, and two of these had 
simultaneous ECG evidence of ischemia. 


Effects of Enflurane Itself 


The supplementation of high-dose fentanyl anes- 
thesia by 0.7% enflurane was well tolerated by all 
patients; only a moderate decrease in mean arterial 
pressure was seen in most patients, and no patient 
needed vasopressors or excessive volume loading to 
maintain arterial pressure. The work load of the left 
ventricle decreased after enflurane administration, and 
this decreased work load probably led to a decrease 
in myocardial oxygen extraction. In spite of the de- 
crease in the coronary perfusion pressure no marked 
change was noted in the coronary sinus flow; this, 
together with the decreased arterial—-coronary sinus 
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Table 3. Changes in Coronary Sinus Hemodynamics and Metabolism 

, > 3 4 Group—event interaction, error 

Before After After After PALEES aa 

Group  enflurane enflurane skin incison sternotomy Overall lvs2 2vs3 2vs4 

CPP (mm Hg) F J0 4.6 58 + 5 OS ot & 74 4 6 0.000 0.01] 0.02 0.000 
EE 55: 8 45 + 6 45 + 5 45 2 6 a i ~ 
CSF (ml/min) F 85 + 33 RI + 23 94 + 5 92 + 20 zi = _ see 
E+F 96 + 46 84 + 36 95 + 33 ra ed = — _ _ 
CVR (mm Hg-min/min) F 0.83 + 0.28 0.82 + 0.23 0.88 + 034 0.83 + 0.20 — a — — 
mee 067 2 0.26- 0.63 + 0.27 USI Oa 0.52 = 017 === oe me - 

(a-cs)DO> (midl) ee Tis de 11.9 + 16 2213 Q.000 (0.070) 0.000 0.047 
E+F 10.9 des 98 + 14 91 +13 8.6 + 1.5 — ve m mm 
MExtrO; (%) F 6255 25 64 2 5 66 + 3 0.005 = 0.003 — 
Eat 629 59 + 7 VEE 55 2.411 =- —- a 
MV» (ml/min) F 9.9 + 4.3 Ol 28 11.5 4 76 Eora — — me == 
E+F 10.4 + 5.2 8.2 + 3.9 alte meme 79-22 — — — aa 
MExtrLact (%) F 35.2°9 34 + 10 34 t le 36 + 11 r a ae i 
EEr 26 + 9 29 + 8 24 + |e 25 +6 — a ~~ -— 


n mamninminminimmn namimi A NR TR manae a aaia anaana aaan amannan 


Abbreviations: F, fentanyl group; E+ F, enflurane supplemented fentanyl group; CP?, coronary perfusion pressure: CSF, coronary sinus bleod flow; 
CVR, coronary vascular resistance; (a-cs)DO:, arterial-coronary sinus oxygen content difference; MExtrOh, myocardial extraction of oxygen; MV», myocardial 


aioe consumption; MExtrLact, myocardial extraction of lactate. 


Values are mean + SB. Significant group-event interaction in the analysis of variance#or repeated measurements was regarded as a different response 


between the two groups on the measurement occasions indicated. 
5 


blood oxygen content difference, could speak for a 
coronary vasodilatory action of enflurane, though the 
change in the calculated vascular resistance was not 
statistically significant. The findings of this study con- 
cerning hemodynamic responses to enflurane are in 
agreement with previous findings (1,14), although we 
observed no change in the pulmonary capillary wedge 
pressure or in coronary hemodynamics, probably be- 
cause the concentration of enflurane was so low. 

Animal experiments have demonstrated that the 
main favorable effect of an anesthetic on the ischemic 
myocardium is a decrease in left ventricular oxygen 
demand due to decreased work load and/or a decrease 
in heart rate (15,16). We did not see any signs of 
myocardial ischemia that could be accounted for by 
the addition of enflurane and which could be detected 
with the methods used in this study. In most of our 
enflurane—fentany! patients the myocardial lactate ex- 
traction increased when enflurane was added to the 
fentanyl anesthesia and thus myocardial ischemia is 
not probable, although regional ischemia cannot be 
excluded. In one patient the probable ischemia (low 
myocardial lactate extraction) present during the 
baseline measurements was relieved to some extent, 
probably because of the decrease in heart rate from 
77 to 64 beats/min and a decrease in mean arterial 
pressure from 85 to 60 mm Hg, associated with a slight 
increase in coronary sinus flow and a 50% decrease 
in calculated coronary vascular resistance. These find- 
ings speak against an unfavorable coronary blood flow 
redistribution or coronary steal. 


Enflurane and the Response to Surgery 


There s little information about the optimal concen- 
tration of enflurane for supplementing high-dose fen- 
tanyl aresthesia during the surgical stimulation phase 
in patients undergoing coronary artery surgery. The 
concereration of enflurane used in this study was based 
partly on pilot studies and partly on data from the 
animalexperiments of Murphy and Hug (17) in which 
large coses of fentanyl decreased the MAC of en- 
Harani in the oR by 60- AO In me gree uey 
association with 100 ug of Enem] ernie hemo- 
dynamic response to surgical stimulation in 60% of 
the patients and this concentration can thus be con- 
siderec to be near the MAC of enflurane under these 
conditions. The enflurane concentration used was also 
sufficient to maintain mean arterial pressure during 
ey below is ae Done inauction in all 


ity. Depi this a one of the ane i 
plemer ted patients developed myocardial ischemia 
during surgery, emphasizing the fact that absence of 
central hemodynamic changes does not necessarily 
exclude myocardial ischemia, as stated before (1). On 
the other hand, the three fentanyl group patients that 
developed myocardial ischemia had associated marked 
hemodynamic stimulation, in turn emphasizing that 
markec hemodynamic stimulation in a patient having 
coronary artery disease carries a considerable risk of 
associa ed myocardial ischemia. 
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Would, then, higher concentrations of enflurane, 
supplemented with ordinary doses of fentanyl, be 
more effective in protecting patients from hemody- 
namic stimulation and myocardial ischemia? In a pre- 
vious study we gave anesthesia with enflurane as the 
main anesthetic (inspired concentrations varying from 
1.5% to 3% at different stages of the procedure), sup- 
plemented with conventional doses (7.5 ug/kg) of fen- 
tanyl to patients undergoing coronary surgery (1). We 
found that it was often not possible to reach a con- 
centration of enflurane that would prevent hemo- 
dynamic responses to skin incision and sternotomy 
without causing a severe decrease in mean arterial 
pressure (1). Moffit et al. (18) gave enflurane in order 
to maintain the mean arterial pressure below the awake 
level together with a fentanyl dose of 30 ug/kg. The 
average enflurane concentration needed was 1.6%. 
Moffit et al. observed a slight increase in systemic and 
coronary vascular resistances and a decrease in the 
coronary sinus flow during sternotomy, although no 
signs of myocardial ischemia were seen. Tarnow et 
al. found that a low concentration (0.5% end-tidal) of 
isoflurane—which perhaps is a more powerful coro- 
nary vasodilator than enflurane—given together with 
nitrous oxide, was able to improve the tolerance to 
pacing-induced myocardial ischemia (19). On the ba- 
sis of the experience of these studies it seems to us 
that the use of a high dose of fentanyl (100 ug/kg) as 
the basic anesthesia provides hemodynamic stability 
during induction and that this high-dose fentany! 
anesthesia can be easily supplemented with a fairy 
low concentration of enflurane during the stress pe- 
riods in such a way that hemodynamic responses to 
sternotomy can be prevented. 

In conclusion, supplementation of high-dose fen- 
tanyl anesthesia (100 wg/kg) with a low concentraticn 
of enflurane during surgery in patients undergoing 
coronary artery procedures caused only moderate 
hemodynamic depression without endangering myo- 
cardial oxygenation. Compared with patients receiv- 
ing the same fentanyl anesthesia without enflurane, 
hemodynamic stability was observed in enflur- 
ane-fentanyl patients during skin incision and ster- 
notomy. The hemodynamic stability during enflur- 
ane—fentanyl anesthesia did not, however, prevent 
the development of myocardial ischemia in one pa- 
tient during surgery. 
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This study compares the neuromuscular blocking effect of 
vecuronium (0.1 mg/kg) on the diaphragm and the adductor 
pollicis in nine anesthetized patients. Monitoring of the 
diaphragm consisted of measurement of the transdiaphrag- 
matic pressure after bilateral phrenic nerve stimulation. On- 
set time for neuromuscular blockade of the diaphragm was 
1.6 + 0.3 min (£80) compared to 2.5 + 0.3 min in the 
adductor pollicis (P < 0.001). The diaphragm recovered 
earlier and more rapidly than the adductor pollicis. The 
twitch height (TH) returned to 25% of its control value 





after 27 + 8 min for the diaphragm, compared to 41 + 11 
min for the adductor pollicis (P < 0.01). Complete TH 
recovery was achieved after 49 + 14 min for the diaphragm 
and after 74 + 22 min for the adductor pollicis (P < 0.01). 
The reecoery index of 12 + 4 min for the diaphragm was 
significatitly shorter (P < 0.05) than for the adductor po!- 
licis (2 + 9 min.) We conclude that monitoring of pe- 
ripheral muscles in anesthetized patients given vecuronium 
provides adequate information about the degree of paralysis 
of the daphragm. 


Key Words: NEUROMUSCULAR RELAXANTS— 


VECUrE MUM. 
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The evaluation of the neuromuscular blocking effect 
of muscle relaxants usually consists of measuring the 
evoked muscle response after supramaximal nerve 
stimulation. Monitoring of peripheral muscles that are 
easily accessible to nerve stimulation and evaluation 
of their electrical or mechanical responses has been 
used to quantify the effect of muscle relaxants in hu- 
mans (1). However, a major effect of muscle relaxants 
is profound paralysis of respiratory muscles. Satis- 
factory intubating conditions require complete paral- 
ysis of the vocal cords, diaphragm and abdominal wall 
musculature. Furthermore, paralysis of the dia- 
phragm and of abdominal muscles, which are an in- 
tegral part of respiratory function, is important during 
abdominal surgery. 

The effect of several muscle relaxants on the hand 
grip test and the vital capacity in unanesthetized vol- 
unteers was studied by Foldes et al. (2), who observed 
a sparing effect of depolarizing and nondepolarizing 
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relaxamts on respiratory muscles. Further confirma- 
tion ©? the respiratory effect of d-tubocurarine was 
provided by Wymore and Eisele (3) who showed that 
in anesthetized patients more d-tubocurarine was re- 
quired to abolish inspiratory pressure generated dur- 
ing spentaneous breathing than was required to abol- 
ish the thumb twitch. In unanesthetized volunteers 
it was shown that when a-tubocurarine almost abol- 
ished ‘he hand grip strength, the slope of the CO, 
resporse curve remained unchanged and vital capac- 
ity decreased only 48% (4-6), further confirming the 
respirtory sparing effect of d-tubocurarine. 

The direct effect of muscle relaxants on the neu- 
romuscular junction is quantitated by measuring the 
evoked mechanical or electrical response to supra- 
maximal motor nerve stimulation. In this respect, the 
effectef muscle relaxants on the diaphragm was only 
studied in animals. More d-tubocurarine was required 
to black neuromuscular transmission in the dia- 
am than in the peripheral muscles and the dia- 
an recovered sooner than peripheral muscles in 
-and the dog (7). The resistance of the dia- 
phragm to muscle relaxants was explained by a greater 
margir of safety in its neuromuscular transmission 
(7). Te diaphragm can function with only one tenth 
of the receptor pool available, whereas in most pe- 
ripheral muscles one fifth of the receptors available 
is necessary to obtain a normal twitch response (7). 
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Table 1.. Characteristics of the Patients 


anaanatae Aaaa er arena AAA yn maraa aihama A RNR TTA TTT 








Body 
Patient weight Age 
number (kg) (vr) Sex Surgical procedere 
1 60) 45 F Breast surgery 
2 76 48 M Variceal stripping 
3 73 39 M Aorto bifemoral bypass 
4 va 80 M Abdominal hernia 
3 o4 62 M Herniorraphy 
6 72 49 M Herniorraphy 
7 65 60) M Herniorraphy 
8 33 48 F Variceal stripping 
9 57 S0 M Herniorraphy 
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The aim of the present study was to compare the effect 
of an intubating dose of vecuronium on the neuro- 
muscular functions of the diaphragm and of the ad- 
ductor pollicis in anesthetized patients. 


Methods 
Patients 


Nine ASA Class I or H patients scheduled for elective 
herniorraphy or extremity surgery, were studied. The 
characteristics of the patients are listed in Table 1. The 
patients ranged in age from 39 to 80 yr (53.4 + 
7.5 yr, mean + sb) and weighed 53-76 kg (64.6 + 
8.8 kg). Each patient gave informed consent for the 
study, which was approved by the Committee for 
Human Research of Paris Quest medical Faculty. 

Premedication consisted of lorazepam, 2.5 mg given 
orally 2 hr before anesthesia. Anesthesia was induced 
with thiopental, 6-8 mg/kg, and fentanyl, 2 ug’kg, 
intravenously. Tracheal intubation was performed 
under topical anesthesia with 2% lidocaine. Anes- 
thesia was maintained with nitrous oxide (60% in 0x- 
ygen) delivered by controlled ventilation and re- 
peated doses of fentanyl (total dose 0.2-0.7 mg) and 
thiopental (total dose 400-700 mg). Ventilation was 
adjusted to maintain end-tidal CO; at 5% (Datascope 
500 CO, analyzer). Esophageal and palmar temper- 
atures were measured during the study. A single in- 
travenous bolus dose (10 sec) of vecuronium, 0.1 mg/kg, 
was administered approximately 20 min after induc- 
tion of anesthesia after monitoring devices had been 
established. The duration of general anesthesia was 
94 + 36 min. 


Clinical Protocol 

The effect of vecuronium on the diaphragm was mon- 
itored by measuring the transdiaphragmatic pressure 
elicited after supramaximal bilateral phrenic nerve 


CHAUVIN ET AL. 









Y 
-——Transdiaphragmatic 
(7 pressure 
| E7 — Phrenic stimulation 


—Rib cage 


er ened id 


pneumograph 


—Abdomen pneumograpn 


Figure 1. Monitoring of the neuromuscular blocking effect of ve- 
curonium in anesthetized patients. Bilateral phrenic nerve sumu- 
lations were performed by using nerve needle electrodes at the 
neck. The strength of the diaphragm was measured by recording 
the transdiaphragmatic pressure (Pdi). The configuration of the 
diaphragm was checked by measuring the circumference of the 
thorax and the abdomen with the aid of a bellows pneumograph. 


stimulation (Fig. 1). The transdiaphragmatic pressure 
(Pdi), which is defined as the difference between gas- 
tric and esophageal pressure (Pga ~ Ppl), was mea- 
sured by means of two thin-walled latex balloons (10 
cm length); one balloon was positioned in the stomach 
and the other in the middle third of the esophagus. 
Correct location of the balloons was checked by reg- 
istering the atrial activity transmitted by the esoph- 
ageal balloon and the shape of the pressure in the 
gastric balloon during respiratory movements. 

The two balloon catheters were connected to a dif- 
ferential pressure force transducer (Validyne MP-45). 
Phrenic nerve stimulation was performed using a (Grass 
S 88) stimulator and nerve needle electrodes (DISA 
13 L 60). The electrodes were inserted near the lower 
edge of the sternocleidomastoid muscle (8). Supra- 
maximal stimuli of 0.2 msec duration were applied 
every 10 sec. To determine the optimal conditions of 
stimulation, the electrode position was adjusted and 
the stimulus voltage was increased while the evoked 
Pdi was displayed on an oscilloscope and recorded. 
Maximal stimulation was achieved at 20-30 V. The 
voltage was then increased 10-20% to ensure that 
stimulation remained supramaximal. During the dia- 
phragm study, the lungs were inflated manually be- 
tween two phrenic nerve stimulations. A respiratory 
bellows pneumograph (model 108 pneumograph 
Hewlett-Packard) was used to ensure that the muscle 
fiber length of the diaphragm was constant through- 
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tration of vecuronium (arrow). Supra- 
maximal stimulations of the ulnar nerve 
and of the phrenic nerves were deliv- 
ered every 10 sec, The onset time of ve- 
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transdiaphragmatic pressure are due to 
the transmission of the atrial pressure 
and to ventilation. 


Table 2. 
Anesthetized Patients 


Onset time THIO TH25 
Saleni amin) (min) (min) 
number A D A D A D 
l 2.1 1.1 29 14 28 15 
2 3.0 1.8 43 21 50 25 
3 2.4 1.6 26 17 29 2] 
4 2.8 LZ 36 30 39 33 
5 2.2 1.4 44 25 55 28 
6 2.3 2.2 42 38 46 4] 
7 pas 2.0 46 30 55 De 
8 1.8 ie) 30 23 35 25 
9 2,3 1.3 29 21 33 23 
Mean 2.5 1.6 36 24 4] 27 H 
+ SD + 0.3 = 0.3" Eg a nage L + 8 


Neuromuscular Effect of 0.1 mg/kg Vecuronium on the Addactor Pollicis and the Diaphragm in Nine 








THS0 TH75 TH100 TH25-75 
(min) (min) (min) (min) 
A D A D A D A D 
32 1s 38 19 46 27 10 4 
63 28 78 36 97 a1 28 18 
233 Ze 38 34 49 39 9 13 
47 43 57 52 76 59 18 19 
69 32 86 35 98 49 31 10 
S4 48 76 56 89 71 30 15 
68 33 82 45 98 64 27 13 
40 28 48 35 59 37 13 8 
40 25 5 35 56 50 12 12 
32 6l 39 74 49 20 12 
+ js ae + 20 aca S ee + 14" + 9 + 4 


Abbreviations: A, adductor pollicis; D, diaphragm; THIO, TH25, TH50, TH75, and TiL00, twitch height recovery time to 10, 25, 50, 75, and 100% of 


control value, 1 
“P< 0.001 vs adductor pollicis. 
"P< 0.01 vs adductor pollicis. 
‘P<. 0.05 vs adductor pollicis. 


out the study. This instrument consists of two air- 
filled rubber bellows, 15 cm long and 1 cm wide, fixed 
circumferentially around the chest and the abdomen 
by nonelastic cords. Stretching of the bellows produces 
changes in air pressure, which are measured by a 
pressure transducer via a polythene tubing (V alidyne 
DP-45). Neuromuscular function of the adductor pol- 
licis was monitored simultaneously. The ulnar nerve 
was stimulated (Grass S 88") at the wrist through 
surface electrodes by supramaximal impulses of 0.2 
msec at 0.1 Hz. The elicited twitch tension of the 
adductor pollicis muscle was quantitated by a force 
transducer (Statham UC3). 

After establishing a stable control response, a sin- 
gle bolus dose of vecuronium, 0.1 mg/kg, was ad- 
ministered and the following parameters were mea- 
sured: time from injection to peak effect (onset time), 
time from injection to 10, 25, 50, 75, and 100% recov- 


respectively; TH25-75, time from 25 to 75% of recovery of control twitch tension. 


ery (T 410, TH25, TH50, TH75, TH100) and time from 
25 to 79% recovery of control twitch tension (TH25—75). 
Resu'& are presented as means + SD. Statistical com- 
parisons were made using Student’s paired t-test. 


Resu ts 


Vecuronium, 0.1 mg/kg, induced 100% paralysis of 
both the diaphragm and the adductor pollicis in all 
patierts. The onset time was always more rapid in 
the diaphragm than in the adductor pollicis. The si- 
multaneous evolution of the onset of both diaphrag- 
matic and adductor pollicis paralysis registered in a 
patien: after the administration of vecuronium is shown 
in Figure 2. Recovery from paralysis occurred earlier 
in the diaphragm than in the adductor pollicis in all 
patients (Table 2). TH10 occurred after 24 + 7 min in 
the diaphragm and after 36 + 8 min in the adductor 
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Figure 3, Simultaneous evolution of the 
neuromuscular blocking effect of vecu- 
ronium (0.1 mg/kg) in the diaphragm 
(white circles) and the adductor pollicis 
(black circles) in anesthetized patients. 
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pollicis (P < 0.001). Similarly, recovery times to 25, 
50, 75 and 100% of the twitch height were significantly 
shorter in the diaphragm. When the diaphragm had 
completely recovered from paralysis, the TH of the 
adductor pollicis was still 50% (Fig. 3). The recov- 
ery index after vecuronium administration was 12 = 
4 min for the diaphragm, a value significantly less 
(P < 0.05) than that observed for the adductor pollicis 
(20 + 9 min). The circumferences of the thorax and 
of the abdomen were not altered after the adminis- 
tration of vecuronium and remained unaltered until 
recovery from paralysis was complete. The mean 
esophageal and palmar temperatures were 35.3°C and 
34.3°C at the start of the study and declined respec- 
tively to 34.9°C and 33.5°C at the end of the stucy. 


Discussion 

This study demonstrates that it is possible in anes- 
thetized patients to monitor the neuromuscular func- 
tion of the human diaphragm in the same manner as 
that of peripheral muscles. The Pdi is a valid index 
of the strength of the diaphragm provided that the 
length of its muscle fibers does not vary during the 
study (9). To ensure that the resting length of the 
diaphragm was the same before and after the admin- 
istration of vecuronium, the circumferences of the rib 
cage and the abdomen were continuously monitored 
throughout the study. In each patient, the thoracic 
and abdominal circumferences were aes after 
the administration of a completely paralyzing dose of 
vecuronium, suggesting that the length of diaphsag- 


matic muscle fibers also remained unchanged. It has 
been previously shown that general anesthesia causes 
a diminution in functional residual capacity (FRC) be- 
cause of the cephalad shift of the diaphragm, but that 
the subsequent administration of muscle relaxants in 
anesthetized patients does not cause any further de- 
crease in FRC (10,11). In addition, lung insufflations 
were performed between two phrenic nerve stimu- 
lations so that these stimulations were delivered when 
the diaphragm was at its resting length. In these con- 
ditions, it would appear reasonable to compare the 
effect of muscle relaxant on the diaphragm to its effect 
on peripheral muscles. 

The dose of 0.1 mg/kg of vecuronium, which is the 
dose recommended to facilitate tracheal intubation 
(12), caused complete paralysis of the diaphragm in 
all patients, thus confirming the adequacy of this dose. 
The onset time was more rapid in the diaphragm than 
in the adductor pollicis muscle. For a particular mus- 
cle, onset time is mainly dependent upon its local 
blood flow; the higher the blood flow, the more rapid 
the onset of effect (13). The difference in onset time 
between the diaphragm and the adductor pollicis may 
be due to differences in their blood flows or in their 
structures. The diaphragm, a well perfused muscle 
(14), has a blood flow that is probably greater than 
that to the adductor pollicis. The difference in the 
temperatures measured in the space surrounding these 
muscles, the temperature being higher in the dia- 
phragm, may reflect the difference in their respective 
blood flows. The influence of the mechanical activity 
on the respective blood flows of these two muscles 
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was probably negligible, because ventilation was con- 
trolled in this study and the two muscles were sub- 
mitted to the same rate of supramaximal nerve stim- 
ulations and therefore to the same work. Another 
possibility is that the accessibility of muscle relaxant 
to the motor endplate is different due to differences 
in the structures of these muscles, both of which are 
composed predominantly of slow twitch fibers (15,16). 
The rapid onset time of vecuronium in respiratory 
muscles, compared to peripheral muscles, may pro- 
vide an explanation for the relatively good intubating 
conditions obtained soon after the injection of the 
relaxant, despite the persistence of peripheral residual 
muscular tone. Theoretically, good intubating con- 
ditions are present when the peripheral TH decreased 
95%. This condition is rarely observed before 2.5- 
4 min after vecuronium injection in the absence of 
inhaled halogenated agent, whereas tracheal intu- 
bation is often performed before the second min in 
many clinical trials with nondepolarizing relaxants 
(17,18). The difference between the onset time of pe- 
ripheral paralysis and the intubating time can be ex- 
plained by the more rapid onset of paralysis of laryn- 
geal muscles and the diaphragm. The recovery of the 
diaphragm occurred earlier than recovery of the ad- 
ductor pollicis and was complete when the peripheral 
twitch was still depressed 50%. This pattern of re- 
covery has also been observed with d-tubocurarine in 
various animal species (7,19). These results further 
support the concept of diaphragmatic resistance to 
muscle relaxants (7) and are in accordance with the 
preliminary results of Donati et al. (20) who observed 
a greater than twofold difference between the dia- 
phragm and the adductor pollicis with respect to their 
sensitivities to pancuronium in man. 

The rapidity of recovery from paralysis, a relatively 
prolonged phenomena compared with the onset of 
paralysis, is influenced by two factors: the decrease 
in muscle relaxant concentration in the biophase and 
in the plasma (21) and the drug association constant 
for the receptor—relaxant complex. First, at a given 
time the concentration of vecuronium should be the 
same in the diaphragm as in the adductor pollicis. 
Thus the concentration of muscle relaxant corre- 
sponding to a given degree of paralysis will be greater 
in the diaphragm than in the adductor pollicis because 
the diaphragm recovers earlier from paralysis than 
the adductor pollicis. Second, one might expect that 
the dissociation constant of vecuronium is the same 
in the two muscles in man because the affinity of 
d-tubocurarine for the diaphragm is similar to that of 
other muscles (22). Therefore at any given similar de- 
gree of paralysis of these two muscles, there is prob- 
ably a higher occupancy of postsynaptic receptors in 
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the diaphragm than in the adductor. These results 
confirm the concept of a higher margin of safety of 
neurænuscular transmission in the diaphragm, which 
starts to recover when less than 90-95% of postsyn- 
aptic -eceptors are occupied (7). Another factor that 
might explain the difference in muscle response is the 
temperature difference between the muscles s:udied. 
Hypo-hermia is known to potentiate the action of 
nonce polarizing relaxants including vecuronium (23). 
However, the temperature of the adductor pollicis 
was only 1-1.5°C below that of the diaphragm 
throazhout the study and it appears unlikely that 
such « small temperature difference will cause a large 
change in the response to vecuronium. The shorter 
recovery index of the diaphragm compared with that 
of the adductor pollicis after vecuronium may pos- 
sibly e explained by the biexponential mode of de- 
cline >f vecuronium plasma concentration. Because 
the rete of recovery from paralysis is influerced by 
the sete of decrease in plasma concentration of ve- 
curormzum, the faster the decrease in the concentra- 
tion, he more rapid the recovery. Diaphragmatic re- 
cover™ begins soon after the administration of 0.1 mg/kg 
of vecuronium, at which time the plasma concentra- 
tion t mostly influenced by distribution processes, 
whereas during recovery of the adductor pollicis the 
plasma concentration decreases more slowly, because 
of the predominant influence of elimination pro- 
cesses. 

The results of this study suggest that the monitor- 
ing of the neuromuscular function of peripheral mus- 
cles curing the recovery from vecuronium-induced 
paralysis provides valuable information about the de- 
as ef paralysis of the diaphragm. After administra- 
tion œ vecuronium, when the adductor pollicis twitch 
has eaa to 100% of its control value it can be 
assumed that there is no further residual depression 
of the diaphragmatic twitch. In the present study only 
spontaneous recovery was considered, and it remains 
to be determined whether or not diaphragmatic re- 
covery is more rapid than that of peripheral muscles 
after ‘he administration of anticholinesterase inhibi- 
tors. tis also important to determine if the present 
resus also apply to other respiratory muscles, par- 
ticulacly the laryngeal muscles, and whether the pres- 
ent results apply to other nondepolarizing relaxants. 
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Buproacaine-induced conduction blockade of A, B, and C 
fibers of the tsolated vagus nerve was compared in fourteen 
pregnant and fourteen nonpregnant rabbits. After a control 
period in HEPES-Liley solution, the isolated nerves were 
exposed to bupivacaine concentrations of 0.1 mM to 1.0 
mM. After 30 min exposure, the nerves were stimulated 


supramaximally and the percent reduction in amplitude of 


A, B, and C fiber compound action potentials was recorded. 
Linear regressions were fitted by the least squares method. 
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The Æ ther conduction blockade was consistently greater in 
the nerves from pregnant rabbits (P < 0.001). The slope of 
the C joer dose-response curves was also significantly greater 
in nerees from pregnant rabbits (P < 0.01). The results 
indicat that the response of isolated nerves from pregnant 
animet: to local anesthetic-induced conduction blockade dif- 





ever, fis not certain whether the difference is related simply 
to a pore rapid diffusion and shorter onset of block or an 
enhanced sensitivity of the nerve membrane during preg- 
NAHCY. 


Key Words: ANESTHETICS, rocat—bu pivacaine. 
wi HESLA-—obstetric. 
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It has been demonstrated that the dose requirement 
for lumbar epidural analgesia is reduced by approx- 
imately 30% in parturients (1). The reason for this 
reduced dosage requirement for conduction blockade 
in pregnant patients has not been clearly established. 
Suggested mechanisms include the following: 1) dis- 
tension of the epidural veins, reducing the size of the 
epidural space, thus increasing the spread of local 
anesthetics; 2) hormonal changes that may alter the 
susceptibility of the nerve membrane to local anes- 
thetics; and 3) other biochemical changes that may 
alter nerve response to local anesthetics (2). 
Previous studies have indicated that onset of con- 
duction blockade is more rapid in the rabbit vagus 
nerve from pregnant animals than the vagus nerve 
from nonpregnant animals after exposure to 0.35 mM 
of bupivacaine (3). The purpose of the current inves- 
tigation was to compare the response of isolated nerves 
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from pregnant and nonpregnant animals to varying 
concentrations of bupivacaine in order to determine 
whether a differential dose-response relationship ex- 
ists. 


Materials and Methods 


The rabbits used in this experiment were housed in 
the Fsarvard Medical School, NIH approved, animal 
care sacility in accordance with the “Guide for the 
care end use of laboratory animals” (DHHS publica- 
tion ro. (NIH) 78-23 revised 1978). Animals were also 











“Guidelines for animal care and use of laboratory an- 
imals which were drafted during the course of this 
exper.ment. 

Fourteen pregnant and 14 nonpregnant New Zea- 
land white rabbits were used in this study (3.5-4.0 
kg). Fregnant rabbits were in the fourth week of ges- 
tatior. Pregnancy was verified by uterine exploration. 
Animals were anesthetized with intravenous thia- 
mylad (1.5 mg/kg) before being sacrificed by intrave- 
nous air embolus. The vagus nerves were rapidly 
removed and stored at room temperature (22°C) 
in HEPES-Liley solution containing 136.8 mM NaCl, 
50 mM KCL 2.0 mM CaCl, 1.0 mM MgCl, and 
11.0 nM dextrose buffered by the addition of 3.0 mM 
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N-2-hydroxyethylpiperazine-N’-2-ethanesulfonicecid 
(HEPES). The pH was adjusted to 7.35-7.40 by the 
addition of 0.1N NaOH. The nerves were transferred 
to a stimulation chamber as previously described 4). 
The intact vagus nerves were stimulated using surface 
platinum electrodes with a Grass $46 stimulator and 
a Grass Stimulus Isolation Unit. The stimulation tre- 
quency was 0.5 Hz. Stimulus duration was 0.05 msec 
for A fibers, 0.1 msec for B fibers and 1.0 msec for C 
fibers. Stimulus intensities were adjusted to obfain 
the maximum compound action potential (AP) on a 
Tektroniks model 5113 storage oscilloscope. Stimulus 
amplitudes for A, B, and C fibers were generally 4.5 
V,11V, and 28 V, respectively. The experiments were 
performed at room temperature (22°C). Measvre- 
ments of the compound AP amplitude were made 
from photographs of the AP images displayed on the 
storage oscilloscope. The A, B, and C fibers were id2n- 
tified by their respective conduction velocities of 25-50 
m/sec, 5-15 m/sec, and <1.0 m/sec. Nerves having an 
A fiber compound AP less than 1 mV or C fiber ccm- 
pound AP less than 0.2 mV were considered damaged 
and were not accepted for experimental study. 

The nerves were bathed with HEPES-Liley solution 
during a 30-min stabilization period. After recording 
baseline action potentials, the nerves were continu- 
ously bathed with a single bupivacaine test concen- 
tration (range, 0.1-1.0 mM) for an additional 30 min 
before evaluating the degree of conduction blockade. 
After testing, the nerves were washed with buptva- 
caine-free HEPES-Liley solution to demonstrate re- 
covery and to ensure that the observed conduction 
blockade was not secondary to nerve damage. In or- 
der to be included in the analysis, the nerve had to 
recover to 85% of control AP amplitude. 

The various bupivacaine solutions were prepared 
in HEPES-Liley salt solution and infused into the bath 
chamber at a constant rate of 1 ml/min. At the enc of 
this period, the peak compound action potentials of 
the A, B, and C fibers were recorded and then ccm- 
pared to their respective control values. Results were 
expressed in terms of percent reduction in AP em- 
plitudes achieved at the end of the 30-min exposure 
to the bupivacaine solution. The data were plottec in 
a log linear fashion with the percent blockade (ordi- 
nate) against the log of (bupivacaine concentration 
(M) x 104) (abcissa). Linear regressions were deter- 
mined via least squares analysis. Standard statist-cal 
methods were used to determine linearity of regres- 
sion, coefficients of correlation, and the difference 
between slopes. Differences between parallel lines were 
determined by analysis of covariance (5). Statist-cal 
significance was assumed with P values less than 0.05. 
Blood samples for measurement of progesterone lev- 
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Figure 1. A Fibers. Log-linear plot illustrating the effect of preg- 
nancy on the reduction of peak compound action potential ampli- 
tude of A fibers as a percent of control after 30 min exposure to 
different concentrations of bupivacaine. The linear regression equa- 
tions for pregnant subjects was: percent block = 30.5° + 153 log 
(bupivacaine (M) x 10%). The Cm = 0.134 mM. In nonpregnant 
subjects, the linear regression equation was: percent block = 
16.17 + 136 log (bupivacaine (M) x 10%). The Cm = 0.178 mM; 
Cm is the concentration of bupivacaine corresponding to 50% block. 
“P < 0.001. 


els were collected from the inferior vena cava and 
assayed by a previously described technique (6). 


Results 


The slopes of the linear regressions for A fibers in the 
absence of bupivacaine and in the presence of in- 
creasing concentrations (Fig. 1) were not significantly 
different (153 pregnant vs 136 nonpregnant). The cor- 
relation coefficients were 0.79 for pregnant and 0.86 
for nonpregnant animals. Analysis of covariance re- 
vealed that these linear regressions represented sig- 
nificantly different parallel lines (P < 0.001), and 
therefore reduction in AP amplitude by a given con- 
centration of bupivacaine was significantly greater in 
the pregnant group than in the nonpregnant group. 
The C fiber correlation coefficient was 0.91 in nerves 
from pregnant and 0.68 in nerves from nonpregnant 
animals. The slopes (132 pregnant vs 65 nonpregnant) 
of the C fiber linear regressions (Fig. 3) were signif- 
icantly different (P < 0.01). Analysis of linear regres- 
sions for B fibers (Fig. 2) did not demonstrate signif- 
icantly different slopes or parallelism. The minimum 
concentration necessary to produce 50% blockade (Cm) 
was calculated from the respective regressions. The 
results in each fiber group are listed in the respective 
figures. 

Serum progesterone levels were measured in four 
pregnant (mean, 5.5 ng/ml) and nine nonpregnant 
rabbits (mean = 1.67 ng/ml). Comparison of the means 
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is the concentration of bupivacaine corresponding to 50% block. 


by an unpaired t-test indicated the expected signifi- 
cant difference (P < 0.05). The number of assays was 
inadequate to assess the change in conduction block- 
ade relative to the progesterone level. 


Discussion 

When comparing the level of epidural anesthesia ob- 
tained in pregnant and nonpregnant patients, the same 
dose of a local anesthetic will produce a higher level 
in pregnant patients (1). This result has been attrib- 


lordosis at term (8). However, Fagraeus et al. dem- 
onstrated increased epidural spread after lidocaine 
administration in women in their first trimester of 
pregnancy (9). They suggested that venous engorge- 
ment may not be an important determinant in the 
spread of epidural local anesthetics in pregnant pa- 
tients because the blood volume changes are relatively 
small in the first trimester, and yet the increased spread 
of epidural anesthesia was similar in magnitude to 
that observed in full-term parturients. Sosis and Bod- 
ner postulated that the respiratory alkalosis of preg- 
nancy causes a relative increase in the more diffusable 
free base form of the local anesthetic and results in a 
higher level of epidural blockade in the pregnant pa- 
tient (10). However, this hypothesis has been con- 
tested by Greene (11). 

In this experiment the influence of venous me- 
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Figure 3. C Fibers. Log-linear plot illustrating the effect of preg- 
nancy on the reduction of peak compound action potential ampli- 
tude of C fibers as a percent of control after 30 min exposure to 
different concentrations of bupivacaine. The linear regression equa- 
tion for pregnant subjects was: percent block = 12.4 + 1328 log 
(buyr~acaine (M) x 10). The Cm = 0.193 mM. In nonpregnant 
subjeets, the linear regression equation was: percent block = 
23.3 ~ 65.1° log (bupivacaine (M) x 105. The Cm = 6.257 mM: 


Cm ihe concentration of bupivacaine corresponding to 50% block. 
4P < @.01. 


chamecal effects on conduction blockade was elimi- 
nated by testing isolated nerves in vitro. The data 
reve] a significant leftward shift in the dose-response 
curves for A and C fibers from the pregnant animals 
compared to the nonpregnant group after a 30-min 
exposure to bupivacaine. These results would support 
the conclusions of Fagraeus et al., that factors other 
than distension of epidural veins are responsible for 
the zltered response of pregnant patients to epidu- 
rally administered local anesthetics. 








pregnant animals (3). The results of the current in- 
vestization may also reflect simply an enhanced dif- 
fusion and a shorter onset of conduction block. Al- 
though equilibrium block was not completely achieved 
in this study, previous investigations with bupiva- 
caine have indicated that a steady state level of con- 
duction blockade of C fibers had occurred in approx- 
imately 30 min (12). Therefore, the differential 
dose-response curves for A and C fibers in nerves 
from pregnant and nonpregnant animals may be in- 
dicat ve of changes in nerves of pregnant animals that 
are mot related solely to enhanced diffusion. 

There is evidence that female sex hormones can 
influence the function of excitable membranes. For 
example, progesterone is known to decrease the rate 
of contraction of smooth muscle in the gallbladder 
(13) and the small intestine (14). Progesterone has also 
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been shown to be effective in suppressing epilepto- 
genic foci (15). In addition, progesterone receptors 
have been demonstrated in the heart and great vessels 
of subhuman primates (16). Mendoza and De Mello 
have shown that in the guinea pig, progesterone 
produced a small but significant increase in the car- 
diac resting potential, a shortening of the cardiac ac- 
tion potential duration, and exerted a negative ino- 
tropic action (17). Therefore, the results of the current 
study may indicate a basic change in the nerve mem- 
brane caused by elevated progesterone levels. 

Additional studies are clearly required to deter- 
mine whether the significant changes in the 
dose-response curves observed in this experiment are 
related to alterations in diffusion or represent an ac- 
tual change in membrane sensitivity to local anes- 
thetics. 
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PITKANEN MT. Body mass and spread of spinal 
anesthesia with bupivacaine. Anesth Analg 
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The effect of body mass on spinal anesthesia with isobaric 
0.5% bupivacaine was examined in 90 patients. The first 
50 patients received 3 ml isobaric 0.5% bupivacaine. An- 
other 40 patients, selected at random to receive 3 ml of either 
hyperbaric or isobaric bupivacaine 0.5%, were then studied. 
Levels of pin-prick analgesia and motor block were tested 
during induction, surgery, and recovery. The effects of high 
spinal anesthesia on peak expiratory flow (PEF) and arterial 
blood gas tensions were also examined in the last 40 patients. 
With isobaric bupivacaine, persons with higher than normal 
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BMI [westy mass index = weight (kg) divided by height- 
squared Gin), or persons who were shorter than normal 
had higher cephalad spread of anesthesia. With fyperbarte 
bupivdecine only shorter individuals deve loped higher levels 
of anes tesa, Because of considerable interindividual var- 
lability, 1owever, these observations are of only limited clin- 
ical vaire in predicting the spread of bupivacaine spinel 
analgest#, The higher spread of analgesia was associated 
with a eecrease in PEF, whereas, the blood gas tensions 
remained’ undisturbed, 
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Certain uncontrollable or intrinsic factors may affect 
the distribution of solutions injected into the cerebro- 
spinal fluid (CSF). These include age, height, anatom- 
ical configuration of the spine, and volume and den- 
sity of the CSF (1-4). 

_ Body mass index (BMI), an nee of peas weight 
maximum 
a of ee when a igo sluden of 
bupivacaine or tetracaine is used for spinal anesthesia 
(6). Greene, however, stated that obesity has no effect 
on the spread of spinal anesthesia (4). However, our 
retrospective analysis (1) of previous reports on pa- 
tients who had had spinal anesthesia with isobaric 
0.5% bupivacaine revealed a statistically significant 


correlation between BMI and the segmental spread of 


pin-prick analgesia. 

To clarify the possible relationship between weight 
and height and the spread of spinal anesthesia, a new 
prospective study with isobaric or hyperbaric bupiv- 
acaine was designed. In addition, arterial blood gas 
tensions and peak expiratory flows were measured to 
evaluate the possible effect of high spinal anesthesia 
on respiration. 
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Meth ods 


The stady protocol was approved by the ethical com- 
mittee of the hospital, and all patients gave informed 
verbal consent. Ninety orthopedic patients, ASA I-II, 
aged between 20 and 60 yr, about to undergo surgery 
on lower extremities were studied. The first 50 pa- 
tients were given 3 ml of essentially isobaric plain 
bupivacaine 0.5% (sp. gr. 1.000 at 37°C, 1.004 at 20°C). 
The ræ Ramie 40 patients were selected at random 
to receive 3 ml of either isobaric or hyperbaric 0.5% 
bupivacaine (sp. gr. 1.021 at 37°C, 1.026 at 20°C). Ran- 
domization was done by blindly selecting one of 40 
folded pieces of paper on which was written the so- 
mer zo be poco for each eee pe ened for Sur- 


V vided nto groups according to their BMI wernt (kg) 
divided by height-squared (m°) (kg/m*)]. Normal BMI 
values for Finnish adult males are 21.1-25.9 and for 
females 20.2-24.6. A BMI above 30 is taken to irdicate 
that a berson is at least 20% overweight (7). The pa- 
tients. -eceived diazepam 10-20 mg orally 1-2 hr be- 
fore ar esthesia. An intravenous infusion of Ringer’s 
acetate solution was begun, and 200-300 ml was given 
before the administration of the anesthetic. The in- 
fusion was then continued at approximately 8 ml/kg 
during the first 20 min after the subarachnoidal in- 
jection 

The patient was placed in the horizontal lateral 
position and midline lumbar puncture was performed 
at the L3—4 intervertebral space with a 25-gauge needle 
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Table 1. Patient Characteristics 
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Sex 
F/M Age (yr) 
Female 
BMI < 20.2 
Male 2/8 30.4 + 11.3 
BMI < 21.1 (20—60) 
(10 patients) 
BMI > 30 14/6 46.5 + 10.2 
(20 patients) (31-60) 
Hyperbaric group 9/11 40.7 + 10.8 
(20 patients) (21-60) 
Isobaric group 8/12 38.9 + 13.1 
(20 patients) (21—60) 


Height Weight Body Mass Index 
(cm) (kg) (BMI) (kg/m?) 
178 + 9.5 62.4 + 7.7 19.6 + 0.8 
(161-190) (47-70) (17.9-20.4) 
165 + 8.9 92.9 + 13.7 33.9 = 4.0 
(151-184) (74-135) (30.3-47.7) 
171 + 11.8 85.2 + 18.9 29.3 + 5.7 
(153-193) (51-125) (19.9-39.1) 
172 + 10.7 75.3 + 14.7 25.5 + 5.4 
(151-187) (47-105) (17.9-35.7) 





The thinnest and most obese are selected from the 70 having isokaric bupivacaine. Values are means + SD, ranges in parentheses. 
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(26-gauge in 17 patients). Cerebrospinal fluid, 0.1-0.2 
ml, was aspirated to ensurẹ correct posițion of the 
needle. Three milliliters of isobaric or hyperbaric bu- 
pivacaine 0.5% was injected within 15 sec, and there- 
after a second 0.1-0.2 ml CSF was aspirated and rein- 
jected. The patient was immediately turned to the 
supine horizontal position. Levels of pin-prick anal- 
gesia and motor blockade açcording to Bromage’s scale 
(0-3) (8) were recorded 5, 10, 15, 20, 30, 40, 50, and 
60 min after the subarachnoid injection. The testing 
was continued at 30-min intervals until skin sensation 
at the first lumbar (L1) level was normal. 

The effect of spinal anesthesia on respiratory func- 
tion was tested in the randomized part of the study. 
Before anesthesia, but after premedication, with the 


patient supine, a blood sample for blood—gas analysis 
was taken from the radial or femoral artery and peak 
expiratory flow (PEF) was measured. These were re- 
peated 30 and 60 min after the subarachnoid injection. 
The PEF was measured three times after each blood 
sample was taken and the highest value was used for 
calculations. 

ECG and blood pressure (sphygmomanometer) were 
monitored before and during induction, surgery, and 
recovery. The patients in the randomized part of the 
study were all interviewed on the first postoperative 
day, and complaints, if any, were recorded. 

The statistical significance of the differences be- 
tween the mean values was calculated using Student's 
t-test, between the frequencies using x test with Yates’ 


OBESITY AND BUPIVACAINE SPINAL ANESTHESIA 


correction for small numbers, and standard linear 
regression analysis was used for correlation calcula- 
tions. P < 0.05 was considered statistically significant. 


Results 


Some characteristics of the patients in the study groups 
are presented in Table 1. With isobaric bupivacaine 
(70 patients), correlation coefficient (r) of 0.52 was 
found between BMI and the maximum level of pin- 
prick analgesia (Fig. 1). The correlation coefficient was 
less between the maximum level of pin-prick anal- 
gesia and weight (r = 0.33) or height (r = 0.35) 
and even less between age and the maximum level 
of pin-prick analgesia. When the 20 randomly selected 
patients who received isobaric bupivacaine were con- 
sidered, there was a similar correlation coefficient 
(r = 0.56) between BMI and the maximum level of 
pin-prick analgesia (Fig. 2). When hyperbaric bupiv- 
acaine was used (20 patients) the highest correlation 
coefficient (r = — 0.48) was found between the max- 
imum level of pin-prick analgesia and height. 

As regards the maximum level of anesthesia and 
PEF percentage change (the difference of PEF mea- 
sured before anesthesia and the lowest value there- 
after) a correlation coefficient of 0.61 was found. The 
mean + SD change in PEF was 11.0% + 13 (range 
)-50) in the isobaric group and 17.0% + 13 (range 
0-43) in the hyperbaric group. Arterial blood—gas ten- 
sions remained virtually unchanged. 

Table 2 compares the thinnest (BMI below normal 
values) and the most obese (BMI > 30) patients who 
had received isobaric bupivacaine. Pin-prick analgesia 
spread to a significantly higher segmental level in 
obese than it did in thin patients (Th 5 vs Th 10) 
(P < 0.001). Motor block developed more rapidly, on 
average, in the obese than it did in thin individuals 
(10 vs 26 min; P < 0.01). The ranges in each measured 
variable overlapped markedly. 

Table 3 gives the results of the randomized part of 
the study. All patients receiving isobaric bupivacaine 
had total motor block in the lower extremities, whereas, 
18 of the 20 patients in whom hyperbaric bupivacaine 
was employed had total motor block of the lower 
extremities. One patient in the hyperbaric group re- 
quired general anesthesia for knee surgery although 
pin-prick analgesia had reached the level of Th 9. Two 
patients in hyperbaric group required intravenous 
fentanyl (50-100 wg). Atropine/glycopyrrolate and a 
vasopressor (ethylphenylephrine hydrochloride) were 
required in three patients who developed hypoten- 
sion and bradycardia. None of the randomly selected 
patients in the isobaric group needed supplemental 
drugs for pain or for hypotension. 
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HYPERBARIC GROUP 
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Figure? Relationship of body mass index (BMJ) to the most ceph- 
alad le*el of pin- prick analgesia in the randomized part of the study 
after irgection of 3 ml of either hyperbaric or isobaric 0,5% bupiv- 
acaine {20 + 20 patients). 


Tho differences between the groups in the number 
of total motor blocks of the lower extremities or need 
for aeditional medication were not statistically sig- 
nificant. Mean changes of arterial systolic pressure 
wher compared with preanesthetic value were not 
significantly different (18% + 12 sp, range 3-50 in 
the hyperbaric group and 12% + 10 SD, range 0-44 
in the isobaric group. Three patients in the first iso- 
baric group (50 patients) required fentanyl: ethyl- 
phenvlephrine hydrochloride was needed for hypo- 
tensicn in one patient, and two patients developed a 
heart rate deemed low enough to require atropine. 

There were no complaints of postdural puncture 
headache. Postoperatively, one patient in the isobaric 


group complained of backache and another had nau- 
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Table 2. Characteristics of Results in the Thinnest and Most Obese Patients When Isobaric Bupivacaine Was Used 


anasan 


m 


Maximum Time to Time to Time to Time to 
spread of analgesia Time to maximum total recovery ot recovery 
pin-prick reaching the spread of pin- motor two highest of L-1 
analgesia L-1 segment prick analgesia block segments segment 
(segments) (min) {min} (min) (min) (min) 
Female 
BMI < 20.2 T- l 0 
Male (12.8 + 3.0) DO S.323 33.0 212.2 26 + 10.7 147 + 36 163 + 45 
BMI < 21.1 (L2-T4) (5-30) (10-50) (5-40) (90-210) (90-240) 
T-5 
BMI > 30 (18.4 + 2.6) 63°42 28 24.0 * 13.7 10 = 6.0 105 + 37 180 + 26 
(T9-C7) (5-15) (10-60) (5-30) (40-180) (120-210) 
4 <0.001 <0.001 ns <0.01 <0.01 ns 
Values are means * sp, ranges in parentheses. 
Table 3. Characteristics of Results From the Randomized Part of the Study 
Maximum Time to Time to Time to 
spread of analgesia Time to maximum Time to recovery of recovery 
pin-prick reaching the spread of pin- maximum two highest of L-1 
analgesia L-1 segment prick analgesia motor segments segment 
(segments) (min) (min) block (min) (min) (min) 
TEEN i z 57 | P Hie z Pe 
Hyperbaric group (18.7 + 2.4) ao Old) 26 + 12.8 11.5 = 10.0 96 + 24 167 + 30 
(20 patients) (19-C8) (5-10) (10-60) (5-20) (60-150) (120-210) 
| beta! T-8 ee pe oe a ! 
Isobaric group (15.3 + 3.4) 9.7 + 6.1 29 + 13.3 18:3 + 10.5 152 Ge 181 + 36 
(20 patients) (12 T1) (5-20) (10- (5-40) (40-180) (120-240) 
P «0.001 <0.01 ns <0.05 ns ns 








Values are means * sp, ranges in parentheses. 


sea. In the hyperbaric group one patient had urinary 
incontinency, a second complained of backache, and 
a third had episodes of vomiting during the first post- 
operative night. 


Discussion 

A relatively low r value (around 0,5) indicates that 
height, weight, or BMI have only little clinical signif- 
icance in predicting the spread of spinal anesthesia 
with plain bupivacaine. This study substantiated re- 
ports that the predictability of the spread of analgesia 
especially with isobaric bupivacaine is poor (1,9). The 
ranges of the maximum spread were great and ov- 
erlapped considerably. However, the most obese pa- 
tients showed a tendency towards higher cephalad 
spread, more rapid onset, and more rapid recovery 
from anesthesia when compared with the thinnest 
patients. 


In contrast to the results of a previous study on 
isobaric bupivacaine (1), age did not correlate with 
the maximum spread of pin-prick analgesia. This dis- 
crepancy is apparent rather than real, because in order 
to eliminate another possible factor that might affect 
results in the present study neither young (under 20) 
nor elderly (above 60 yr) patients were included in 
the study. The present findings from a homogenous 
age-range seem to strengthen the generally accepted 
clinical view that age plays only a minor role as a 
reliable predictor of the segmental spread of spinal 
analgesia. 

In the small prospective group of patients given 15 
mg hyperbaric bupivacaine, the correlation between 
BMI and the maximum spread of sensory analgesia 

was poorer than when isobaric bupivacaine was used, 
Moore (6) has shown in 435 patients, in four different 
groups, that higher BMI was associated with a higher 
spread of pin-prick analgesia when hyperbaric bu- 


OBESITY AND BUPIVACAINE SPINAL ANESTHESIA 


pivacaine or tetracaine (7.5 or 12 mg) were used. As 
seen in the present study, however, when larger 
amounts of bupivacaine (15 mg) are used the spread 
of hyperbaric solutions in the CSF may be primarily 
governed by baricity (4). The position of the patient 
at the time of the injection of the local anesthetic and 
for some time thereafter is crucial when the baricity 
of the solution differs from that of the CSF. 

There was a clear reduction in peak-flow in patients 
with higher cephalad spread of analgesia. This result 
is in accordance with the report of Freund et al. (10), 
who noted that a greater spread of motor and sensory 
block into the thoracic area during spinal and epidural 
anesthesia causes a proportionally larger decrease in 
the expiratory reserve volume. In the present study, 
with patients breathing room air neither respiratory 
depression nor arterial hypoxemia were detected de- 
spite clear reductions in PEF. Apparently, even in 
obese patients lying in a horizontal position, dia- 
phragmatic resting ventilation is sufficient. Difficul- 
ties may arise, however, when Trendelenburg’s po- 
sition might be required, for instance in hypotension 
in an obese patient with an associated high level of 
spinal anesthesia. 

In the randomized part of the study comparing 
hyperbaric and isobaric bupivacaine, more rapid on- 
set of motor and sensory block at the L-1 segment 
was observed when the hyperbaric solution was used. 
Due to great interindividual variations in both groups, 
these differences probably have little clinical impor- 
tance. On average, the cephalad spread of sensory 
analgesia was four segments higher in the hyperbaric 
bupivacaine group than in the isobaric bupivacaine 
group, supporting the reports by Chambers et al. and 
Brown et al. (11,12). The clinical significance of this 
finding is also limited due to great interindividual 
variations in both groups. There was no difference in 
the mean decrease of systolic arterial pressure be- 
tween the patient groups. In this age range, hypo- 
tension during bupivacaine spinal anesthesia does not 
impose a major clinical problem (1,13). 

In conclusion, the effect of height, weight, or body 
mass as measured by BMI (kg/m*) on the spread of 
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spina anesthesia with bupivacaine was found to be 
small There was some tendency to increase in the 
level of pin-prick analgesia with increase in BMI, but 
because of considerable interindividual overlapping 
the cEnical significance of this finding is limited. 
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sensitivity to sodium nitroprusside during controlled 
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Aging has important effects on the cardiovascular system; 
baroreceptor reflex function decreases and the elderly are 
more resistant to both B-receptor agonists and antagonists. 
The purpose of the present clinical study was to determine 
the relationship between age and sensitivity to sodium ni- 
troprusside in 16 patients during deliberate hypetensive 
anesthesia by determining the blood pressure changes in 
young and elderly patients to incremental increases in dese 
of sodium nitroprusside. A dose-response curve relatmg 
change in mean blood pressure to dose of sodium nitro- 
prusside (ug-ke ‘min ') was constructed for each patient; 
the slope of this line is a measure of “sensitivity.” The 
change in mean arterial blood pressure per pgkg lenin | 
nitroprusside dose (1e., slope), showed a significant cor- 
relation with age (r = 0.766, P < 0.001), demonstrating 


Although surgery for the elderly is now routine and 
in spite of the increasing demographic importance of 
this age group, relatively little attention has been fo- 
cused on their responses to drugs. It is well recog- 
nized that elderly patients experience an increased 
incidence of adverse drug reactions (1). Factors that 
may be responsible for changes in drug response in 
the elderly include first, altered drug disposition, and 
second, changes in receptor-response relationships, 
ie., “sensitivity.” 

Aging has important effects on the cardiovascular 
system, baroreceptor reflex function decreases with 
advancing age, producing less cardiac slowing in re- 
sponse to phenylephrine-induced increase in blood 
pressure (2). Furthermore, there is an age-related de- 
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that sensitivity to sodium nitroprusside increases with ad- 
vancing years, The maximum change in heart rate produced 
by nitroprusside showed a reciprocal correlation with age 
(r = —0.791, P < 0.001). There was no significant cor- 
relation between age and maximum change in plasma nor- 
epinephrine or epinephrine concentrations during nitro- 
prusside infusion, The increased sensitivity to nitroprusside 
might have been due to 1) diminished baroreflex activity, 
2) resistance of cardiac adrenergic receptors to catecholamine 
stimulation, or 3) alteration in sensitivity to the direct va- 
sodilating effects of sodium nitroprusside. Whatever the 
mechanism, however, this clinical study has shown that 
lower doses of nitroprusside should be used in elderly pa- 
tients to achieve the same degree of hypotension achieved in 
younger patients, 


Key Words: ANESTHETIC TECHNIQUES, HYPOTEN- 
sSIVE—nitroprusside. PHARMACOLOGY —nitro- 





crease in the sympathetic response to exercise (3) and 
the increase in left ventricular ejection fraction that 
occurs with exercise is less in elderly subjects (4). 
Hence, the cardiovascular pathophysiologic changes 
that occur in the elderly may result in the elderly being 
less able to compensate for a given decrease in blood 
pressure. The response to hypotension is reflexly me- 
diated through an increase in sympathetic nervous 
system activity via the baroreceptor system, so that 
plasma norepinephrine levels increase in response to 
sodium nitroprusside-induced hypotension (5). Plasma 
norepinephrine concentrations also increase with age 
(6), while the elderly become more resistant to both 
the -receptor agonist isoproterenol and antagonist 
propranolol (7). Increased sensitivity to nitroprusside 
in the elderly may be due to either alteration in sen- 
sitivity to the direct vasodilating effects, or to a de- 
crease in the compensatory reflexes produced by a 
decrease in blood pressure. Changes in the activity 
of the homeostatic reflexes might be due first, to di- 
minished baroreceptor responses accompanied by a 
less pronounced increase in catecholamine concen- 
tration or second, to a decrease in response to in- 


AGING INCREASES SODIUM NITROPRUSSIDE SENSITIVITY 


BP 


ras 





Jo ;9 45 6 T5 9 105 


SNP yig/kg/min. 


Figure 1. Change in mean arterial blood pressure per gkg © 
min | sodium nitroprusside dose in a 76-yr-old patient. 


creased plasma catecholamine levels produced by 
stimulation of the baroreceptor reflex. 

The purpose of the present study, therefore, was 
to determine the relationship between age and sen- 
sitivity to sodium nitroprusside during controlled hy- 
potensive anesthesia by determining blood pressure 
changes to incremental increasing doses of sodium 
nitroprusside in young and elderly patients. 


Methods 


The study was approved by the Institutional Review 
Board, and all patients gave written informed consent 
prior to participation in the study. Sixteen patients 
(nine females and seven males, aged 18-76 yr, ASA 
physical status H or IH) undergoing neurosurgical re- 
section of cerebral aneurysms were studied. Patients 
receiving -adrenergic receptor blocking agents or cal- 
cium antagonists were excluded from the study. No 
patients were currently receiving antihypertensive 
medication; one patient had methyldopa discontin- 
ued 4 days preoperatively. The patients were anes- 
thetized with a thiopental (4 mg/kg) nitrous ox- 
ide~oxygen, muscle relaxant, narcotic technique; six 
patients received fentanyl 0.05 mg at approximately 
40-min intervals, and ten patients received a sufen- 
tanil infusion of 0.3 ugkg "min |. In seven patients, 
isoflurane (0.25-0.5% end-tidal as measured by mass 
spectrometry) was added to control moderate increase 
in blood pressure, such as occurs during removal of 
the bone flap; if isoflurane was required it was then 
continued at these end-tidal concentrations through- 
out the operative procedure. The patients were mod- 


ANESTH ANALG 133 
1987:66: 132-6 


red 
O 


Onoon 


/kg/min 
ra 


nines 


ABP/SNP/ug 





O 10 20 30 40 50 60 70 80 
AGE (yrs) 


Figure 2. Age and sensitivity to sodium DOP russe Change 
in mean arterial blood pressure per ugkg '-min’ | nitroprusside 
dose iie., slope) for each patient plotted against age (yr). The 
equation of the line is: change in mean BP/nitroprusside dose 
pekg Smin $ = ~3.038 + 0. 35 x age. 


erately hyperventilated to achieve Paco, values of be- 
tween 28 and 32 mm Hg. 
a terial ee was monitore a an o 


rial plood pressure of 62.7 mm ie cent + 2 3) At 
each dose of sodium nitroprusside, mean blood pres- 
sure and heart rate were recorded. For each dose of 
nitreprusside, change in mean blood pressure from 
control values obtained during a control period ap- 
proximately 5 min before commencement of the ni- 
troprusside infusion when stable levels of anesthesia 
had oe ao was calculated. A aose ate 
of en ieee (Hg: ken! imin“ 
structed for each patient using ar regression anal- 
ysis, and the slope calculated from the equation of 
me ae: ane slope of this ane oe in mean arterial 
“Lmin ' sodium nitroprus- 
side 6), is thus, a measure of blood pressure sen- 
sitivey; increased slope implies that a greater blood 
pressure reduction is produced by a given dose of 
sodiam nitroprusside. 
samples of arterial blood for the measurement of 
plasma epinephrine and norepinephrine concentra- 
tions were taken both immediately prior to the com- 
mencement of sodium nitroprusside infusion and, 
during the period of sodium nitroprusside infusion, 
at approximately 5-min intervals, until a stable infu- 
sion rate of nitroprusside was obtained to produce 
the cesired level of hypotension and then at approx- 
imately 30-min intervals thereafter. At the same time 
each blood sample was being drawn for measurement 
of plasma norepinephrine and epinephrine concen- 
trations, the patients’ heart rates and mean blood 
pressures were recorded. Blood samples for mea- 
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Figure 3. Maximum change in heart rate during sodium ni-ro- 
prusside-induced hypotension plotted against age (n = 15; one 
patient was excluded from analysis because the heart rate was 110 
beats/min prior to sodium nitroprusside infusion). 


surement of catecholamines were taken into tubes (on 
ice) containing reduced glutathione, and then assayed 
for norepinephrine and epinephrine with a mod-fi- 
cation of the technique of Passon and Peuler (8), in 
which methylated derivatives of catecholamines are 
produced in the presence of catechol-O-methyltrans- 
ferase and tritiated S-adenosylmethionine and then 
separated by thin layer chromatography. Statistizal 
analysis was by linear regression analysis, with P < 
0.05 as the minimal level of statistical significance. 


Results 


Figure 1 shows the dose-response curve relating change 
in blood pressure to sodium nitroprusside dcse 
(ug:kg~*min~') for a 76-yr-old patient, demonstrat- 
ing a progressive decrease in mean blood pressure 
with increasing dose of sodium nitroprusside (r = 
0.848; P < 0.001). The coefficient of correlation for the 
slope (change in blood pressure/dose of nitroprus- 
side) of the line for each individual patient varied from 
r = 0.506 to r = 0.995. For five patients, there were 
insufficient data to appropriately use linear regression 
analysis, and then maximum change in blood pres- 
sure divided by dose of sodium nitroprusside in 
ug-kg~"min~’ was used to determine blood pressure 
sensitivity to nitroprusside. 

The change in mean arterial blood pressure per 
ug-kg~ ‘mint sodium nitroprusside dose for each _n- 
dividual patient (i.e., slope, calculated as described 
above) was then plotted against age. There was a 
significant correlation with age (r = 0.766, P < 0.001) 
(Fig. 2), demonstrating that blood pressure sensitivity 
to sodium nitroprusside increases with advancing years 
and that any given dose of sodium nitroprusside 
produces a greater fall in blood pressure in the elde-ly 
than in the young. 
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Figure 4. Lack of correlation between maximum change in plasma 
norepinephrine concentration during sodium nitroprusside infu- 
sion (when compared with control value immediately prior to com- 
mencement of infusion) plotted against age (n = 11, r = 0.267, P 
= 0.4). 


The maximum increase in heart rate produced by 
nitroprusside showed a significant reciprocal corre- 
lation (r = —0.791, P < 0.001) (Fig. 3) with age, in- 
dicating that elderly patients do not have as great an 
increase in heart rate as do younger subjects during 
nitroprusside-induced hypotension. 

There was no significant correlation between age 
and maximum change in plasma norepinephrine (Fig. 
4) or epinephrine concentrations during sodium ni- 
troprusside infusion. In addition, age was not signif- 
icantly correlated with changes in heart rate/nor- 
epinephrine concentration. 


Discussion 


It has been reported previously that although age does 
not significantly correlate with the dose of nitroprus- 
side required to produce a mean blood pressure of 65 
mm Hg, there is a significant correlation between the 
age/weight ratio and nitroprusside infusion (ug/min) 
(9). However, drug sensitivity is best defined by the 
construction of individual dose-response curves. Our 
study, utilizing individual dose-response curves re- 
lating blood pressure changes to graded increases in 
nitroprusside dose shows that the elderly are more 
sensitive to sodium nitroprusside during controlled 
hypotensive anesthesia, and that lower doses should 
be used in this age group. 

The effects of anesthetic technique on baroreceptor 
function and nitroprusside sensitivity must be con- 
sidered in this clinical study. Halothane and enflurane 
reduce nitroprusside dose requirements in dogs (10,11). 
In addition, inhalational anesthetics depress barore- 
ceptor function, although the depression of arterial 
baroreflex heart rate responses under isoflurane anes- 
thesia appears to be less pronounced than those dur- 
ing enflurane or halothane (12-14). Morphine, diaze- 
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pam, nitrous oxide/oxygen anesthesia depresse 
baroreflex heart rate in humans to a degree similar o 
that seen with the potent volatile anesthetics (15). 
Although sufentanil, fentanyl and isoflurane were 
given to our patients, there were no differences in 
anesthetic technique with age, and, therefore, in the 
clinical setting of narcotic-relaxant anesthesia with ad- 
dition of light isoflurane anesthesia, the dose of ni- 
troprusside should be reduced in elderly patients 
undergoing profound hypotensive anesthesia. 

The hypotensive effects of sodium nitroprusside 
are the resultant of both the primary direct vasodilator 
etfects of nitroprusside on vascular smooth muscle, 
which tend to lower blood pressure, and compen- 
satory homeostatic reflexes that act to limit the de- 
crease in blood pressure. It is doubtful whether the 
increased sensitivity to nitroprusside in the elderly is 
due to altered sensitivity to the direct vasodilator ef- 
fects of sodium nitroprusside, because extensive an- 
imal model investigation has failed to show any al- 
tered vasodilator responses to direct acting vasodilators 
in elderly animals (16,17). Further work should be 
undertaken to define the direct vasodilatory effects of 
nitroprusside in young and elderly patients, both in 
the clinical research laboratory setting and during 
controlled hypotensive anesthesia, oe much greater 
decreases in blood pressure are produced. 

Baroreflex function, important in blood pressure 
homeostasis during hypotension and postural changes, 
has been shown to decline with both hypertension 
(18) and age (2). Nitroprusside administration results 
in increased circulating catecholamine concentrations 
(19,20) that reflect increased sympathetic nervous sys- 
tem activity and may account for the tachycardia often 
seen during sodium nitroprusside-induced hypoten- 
sion. Elderly hypertensive patients demonstrate in- 
creased sensitivity to nitroprusside when mean ar- 
terial blood pressure is reduced by approximately 20% 
in the clinical research laboratory (21,22), accompa- 
nied by a reduced heart rate response (21). The pres- 
ent study has shown that, during anesthesia, when 
nitroprusside is administered clinically to produce the 
greater decreases in blood pressure required for pro- 
found hypotension, the elderly are more sensitive to 
nitroprusside. We were also able to demonstrate that 
there are smaller increases in heart rate in elderly 
patients during hypotension, despite similar changes 
in catecholamine concentrations in both young and 
elderly patients, implying resistance to the B-receptor 
mediated tachycardia produced by catecholamines. 

The explanation for these changes may in part lie 
in the altered -receptor function seen in the elderly. 
Recent work has shown that although there is no 
change in B-receptor density in the elderly (23,24), 
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the affinity of the -receptor for adrenergic agonists 
decreases with advancing years (24). In addition, when 
subjects assume the erect posture after lying supine, 
-receptor affinity decreases in young subjects, 
whereas, B-receptor affinity (already reduced) re- 
mains the same in elderly patients (24). Although rest- 
ing plasma norepinephrine concentrations are ee 
in elderly subjects, when young and elderly subjects 
stanc up they have similar increases in plasma cate- 
cholemine concentrations. Physiological changes in 
circa ating catecholamines “down regulate” 8-recep- 
tor function in young individuals (25), but impairment 
in oe Poupe of the B- adrenergic eel daa econ 


the a in B- re responsiveness seen in 
this group of subjects (7). 

Im summary the increased sensitivity to nitroprus- 
side n elderly patients shown in this clinical study 
might have been due to 1) diminished baroreceptor 
refle: activity, 2) resistance of cardiac adrenergic re- 
ceptcrs to catecholamine stimulation, or 3) altered 
senseivity to the direct vasodilatory effects of sodium 
nitroorusside. However, the fact that we found sim- 
ilar imcreases in plasma epinephrine and norepineph- 
rine concentrations in both young and elderly patients 
dure g hypotensive anesthesia, despite the dimin- 
ishec heart rate responses in elderly patients, sug- 
gests that the explanation for the increased sensitivity 
to nitroprusside in the elderly may in part be a man- 
ifestetion of resistance of cardiac adrenergic receptors 
to ca echolamine stimulation as a consequence of re- 
duced B-adrenergic receptor affinity. The relationship 
betwen the various physiologic factors that interplay 
to caase a decrease in blood pressure in response to 
the administration of the vasodilator, nitroprusside, 
is complex and further work is required to define the 
altered cardiovascular responses that occur during 
anesthesia and surgery in the elderly. 
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The hemodynamic effects of esmolol were studied in 40 pa- 
tents scheduled for elective coronary artery surgery to de- 
termine whether the administration of esmolol in chronically 
B-blocked patients would result in additional attenuation 
of sympathetically mediated hemodynamic stress responses 
to noxious stimuli. Patients were randomly assigned to 
receive IV infusions of esmolol or 5% dextrose in water 
(DW). All received their regular dose of B-adrenergic blocker 
within 6 hr of surgery and were anesthetized with diazepam, 
pancuronium, and enflurane. Increases (> 25% above base- 
lite) in systolic blood pressure were treated with sodium 
nitroprusside (SNP). Esmolol was started before induction 
of anesthesia and continued until 5 min after maximal ster- 
nal spread. There were no statistically significant differences 
between the esmolol and control groups in any hemodynamic 
parameter during induction, intubation, skin incision, and 
sternotomy. Only at 5 min after maximal sternal spread 
was there a statistically significant lower systolic blood pres- 


sure ut the esmolol-treated group. However the incidence 
and magnitude of SNP use in the control group was sig- 
nificaré'y (P < 0.05) greater. Thus, the lower blood pres- 
sure, i” the absence of changes in systemic vascular resist- 
ance, erdiac index, heart rate, and pulmonary capillary 
wedgepressure points toward a decrease in myocardial con- 
frachilty, suggesting that the addition of esmolol to chron- 
ically wsed B-blockers resulted in an additional negative 
inotrome effect. We conclude that in patients with coronary 
artery disease in whom chronic B-blocker therapy is contin- 
ued ui! the time of surgery, esmolol does not further 
atienumee the heart rate response but does attenuate the 
increase in blood pressure. The presumed reason for this 
finding ds that esmolol in the dose employed does not occupy 
suffict:at additional B-receptors to produce added B-adre- 
nergic lockade and therefore does not further attenuate 
heart rete response to sympathetic nervous system stimu- 
lation. Blood pressure is probably decreased because of es- 
molol’s negative inotropic effect. 








Key Words: SYMPATHETIC NERVOUS SYSTEM —— 
B-adrenergic antagonists, esmolol. HEART—myo- 
cardial function, B-adrenergic blockade. 











Esmolol (methyl 3-(4-(2-hydroxy-3-(isopropylamino)- 
propoxy)phenyl) proprionate hydrochloride) is a short- 
acting B-adrenergic blocker (1). It has been used to 
attenuate the heart rate (HR) and blood pressure (BP) 
response in anesthetized patients with normal ven- 
tricular function (2). Sympathetic nervous system me- 
diated increases in HR and BP are known to occur 
with the stimuli of laryngoscopy and intubation, skin 
incision, median sternotomy, and other types of sur- 
gical stimulation (3-6). These hemodynamic changes 
are undesirable, especially in patients with coronary 
artery disease, because they increase myocardial ox- 
ygen consumption and may cause myocardial isch- 
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emia. Menkhaus et al. studied the use of esmolol in 
patiemts undergoing coronary artery bypass grafting 
(CABG) in whom “chronic” B-blockers had been 
withbeld for up to 16 hr, and found that esmolol 


uates ‘he hyperdynamic response in patients already 
clinically B-blocked. 


Methods 


Forty patients were enrolled in the study after Insti- 
tutional Review Board approval and written informed 
conseat were obtained. All were scheduled for elec- 
tive coronary artery bypass graft surgery. Exclusion 
criteria included recent myocardial infarction (within 
I weex of surgery), cardiogenic shock, asthma, and 
atrial flutter or fibrillation, as well as atrioventricular 
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Table 1. Esmolol Infusion Regimen 


 mrieteLetheterhrtrehvnieh heist iyasnammurananremernrenrerinneteHiniibiiiiMnAnnii A DT a  ahnan aamana rraaa ho 


Infusion rate 
(ug'kg imin ') 


meere anA anma anaman arhamar aa 


500 1 

100 4 

500 1 

200 4 

500 iso 

300 Until 5 min after sternal spread 


conduction blocks greater than first degree. Patients 
were randomized to receive an esmolol infusion (af = 
19) or 5% dextrose in water (D;W) infusion (n = 21) 
The study was not blinded. All patients were pre- 
medicated with 0.15 mg/kg of diazepam orally, 0.1 
mg/kg of morphine intramuscularly, and scopola- 
mine, 0.2 mg intramuscularly. Patients received their 
last dose of B-blocker within 6 hr of surgery, and 
usually 3 hr before surgery. Electrocardiogram leads 
Il and V; as well as radial and pulmonary arterial 
pressures were monitored continuously in all pa- 
tients. As an additional safeguard all patients received 
a pulmonary artery catheter with pacing capabilities. 
ee ee carias Eng was measure in sed 


ees to ihe miadan aene outlined in Table 1 1 
and 21 received a slow infusion of D;W. 

Seven minutes after initiating the esmolol infusion. 
anesthetic induction was begun in all patients. Anes- 
thesia induction was performed with diazepam, 0.5 
mg/kg IV pancuronium 100 pg/kg IV and 0.4% in- 
spired enflurane. Tracheal intubation occurred 4 min 
after induction of anesthesia. Nitrotriglycerin (NTG) 
was administered if there were signs of myocardial 
ischemia (ST-depression or ST-elevation greater than 
1 mm and/or an increase of pulmonary artery diastolic 
pressure (PAD) greater than 30% over control). In- 
creases in systolic arterial pressure (SAP) greater than 
or equal to 25% of control and sustained over 5 min 
or SAP levels 20 mm Hg. above the highest control 
SAP and sustained over 5 min were treated with so- 
dium nitroprusside (SNP). 

Hemodynamic data were collected immediately be- 
fore the start of the esmolol infusion (baseline), 1 and 
3 min after induction of anesthesia, 1 and 5 min after 
endotracheal intubation, 5 min after skin incision, 5 
min after sternotomy, and at the end of the esmolol 
infusion period (5 min after maximal sternal spread). 
During the esmolol infusion, venous blood obtained 
from the internal jugular vein on the contralateral side 
from the esmolol infusion was sampled for measure- 
ment of plasma esmolol levels at the time of induction 
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Table 2. Demographic Characteristics 





Control (7 = 21) Esmolol (n = 19) 





Age (yr) 59.2 (43-73) 57 (40-69) 


Weight (kg) 79.3 (58-106) 77.6 (53-100) 
BSA (my 1.88 i ee 2.22) 1,89 (1.53~2.21) 
LVEDP (mm Hg)’ PRA h PR cost 
EF (4Y E eae oe 57.8 £95 
Ci (L-min tem >?) 2.6 + 0.9 2.9 + 1.0 








Abbreviations: BSA, body surface area; LVEDP, left ventricular end- 
diastolic pressure; EF, ejection fraction; Cl, cardiac index. 

“Values are mean, with range in parentheses. 

"Mean + SD, 


Table 3. Antianginal Therapy 








eee ae 
(n = 20 (1 = 19) 
B-Blockers 
atenolol 7 8 
metoprolol > 1 
nadolol 0 1 
propranelol 10 9 
Calcium channel blockers 14 11 


Nitrates ll il 





of anesthesia, intubation, skin incision, sternotomy, 
and maximal sternal spread. Blood esmolol levels were 
determined by a gas chromatographic—mass spectro- 
metric method in the analytical laboratory of Ameri- 
can Critical Care (McGaw Park, Illinois). A CK-MB 
level was determined 10 hr after discontinuation of 
cardiopulmonary bypass. 

All hemodynamic and blood concentration data are 
expressed as means + Sb. Between-group compari- 
sons were performed by a one-factor analysis of var- 
iance computed at each interval. When the analysis 
of variance F-test statistic was significant, pair -wise 
comparison was performed by Fisher's protected least 
significant difference test. Comparisons of nonpara- 
metric data were performed using the y statistic for 
contingency tables. Differences were considered to be 
statistically significant if P < 0.05. All statistical com- 
putations were performed with the aid of the Statis- 
tical Analysis System. 


Results 

Patients in the control and treatment groups had sim- 
ilar demographic characteristics (Table 2) and were on 
similar chronic antianginal therapy (Table 3). The con- 
trol group included one NYHA Class II, two NYHA 
Class Ill, and eighteen NYHA Class IV patients. Es- 
molol-treated patients included three NYHA Class II, 
three NYHA Class II, and thirteen Class IV. 
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The hemodynamic data are presented in Table 4 
and Figure 1. Only at 5 min after maximal ste-nal 
spread was the systemic mean arterial pressure sig- 
nificantly lower in the esmolol group than in the con- 
trols. At all other intervals there was no significant 
difference between the groups. 

Four patients in the control group and three pa- 
tients in the esmolol group had an ischemic episode 
as evidenced by ST segment changes and/or increases 
in PAD. The difference in incidence between groups 
is not statistically significant. More patients in the 
control group needed SNP to control the SAP than in 
the esmolol group. The amount of SNP administered, 
expressed as the integral of the SNP dose—time cu-ve. 
was 11.3 + 14.2 wg/kg in the control group and 3.1 
+ 5.4 wg/kg in the esmolol treated group. This dif- 
ference is statistically significant (P = 0.02). The steady 
state esmolol blood concentration in the esmolol group 
was 2.53 + 0.64 ug/ml (mean + sD). The CK-MB 
levels were not different between groups. 


Discussion 


The hemodynamic effects of esmolol in patients 
undergoing coronary artery surgery have recently been 
studied by Menkhaus et al. (2) and by Newsome et 
al. (7), each using a similar group of patients but a 
different anesthetic technique. Both groups of inves- 
tigators found esmolol to be safe during anesth2sia 
in patients with normal ventricular function and found 
the drug effective in attenuating the potentially harm- 
ful hemodynamic responses to noxious stimulaton. 
Menkhaus et al. used three different doses of esmolol 
and all three doses of esmolol significantly attenueted 
the heart rate response to tracheal intubaton. 
Rate—pressure products were lower in the esmclol- 
treated patients than in the controls (patients anes- 
thetized with diazepam, pancuronium, and nitrous 
oxide) after intubation. Newsome et al. withheld 
chronic antianginal therapy in their esmolol and pla- 
cebo groups but continued antianginal medication on 
the morning of surgery in their “standard” grcup, 
which received neither esmolol nor placebo. Esmolol 
patients anesthetized with fentanyl (50 ug/kg) and 
pancuronium had no changes in heart rate throvgh- 
out the study in contrast to the control and “standard” 
groups in which there were significant increases in 
heart rate. These authors also reported an increase in 
pulmonary capillary wedge pressure (PCWP) in their 
esmolol-treated patients. They attributed this increase 
to myocardial depression caused by esmolol although 
they did not measure any direct index of myocardial 
performance. 

Our study differs in an important aspect from both 
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HEMODYNAMIC RESPONSES TO NOXIOUS STIMULI 
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Figure 1. Hemodynamic responses to noxious stimulation (Mean 
+ sp). Abbreviations: HR, heart rate; SAP, systolic arterial pres- 
sure; Max.St.Sp., maximal sternal spread. 


previously mentioned studies in that our patients were 
maintained on their regular morning dose of B-block- 
ers (and other antianginal therapy). These patients 
were receiving doses adjusted by their cardiologist to 
produce appropriate B-adrenergic blockade. The ef- 
ficacy of continued chronic 8-blockade in attenuation 
of hemodynamic responses to noxious stimuli has been 
well documented. Sill et al. (8) reported an inverse 
correlation between log serum propranolol levels and 
mean arterial pressure (MAP), PCWP, cardiac index 
(CD, and HR responses to noxious stimulation. Ko- 
priva et al. (9) showed that patients on chronic pro- 
pranolol therapy had an attenuated HR response to 
intubation. Stanley et al. (10) found a decrease in nar- 
cotic requirements in CABG patients on chronic g- 
blocker therapy. The efficacy of continued “chronic” 
-blockade is inferred from this study. We found no 
significant differences (with the exception of a lower 
MAP at 5 min after maximal sternal spread) in any 
hemodynamic parameter at any time during the study, 
between the esmolol-treated and the non-esmolol 
groups. As far as blood pressure measurements are 
concerned this finding is, of course, largely invali- 
dated by our decision to use SNP to control SAP within 
certain limits, out of concern for unacceptable hyper- 
tension. The fact that the incidence of the use of SNP 
was significantly greater in the control group probably 
means that there was a significantly lower blood pres- 
sure in the esmolol-treated group. This lower blood 
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pressure, in the absence of changes in systemic vas- 
cular resistance and CI, HR, and PCWP, points to- 
ward a decrease in myocardial contractility as the cause, 
and suggests that addition of esmolol to the chroni- 
cally used B-blockers added an additional negative 
inotropic effect. A possible reason for the lack of fur- 
ther attenuation of the HR response to stimulation in 
our patients is that esmolol, in the dose employed, 
does not occupy sufficient additional B-receptors to 
produce enhanced $-adrenergic blockade. The steady 
state blood concentrations of esmolol in our patients 
were 2.53 ug/ml, which is very close to the group 2 
patients who showed a steady state blood concentra- 
tion of 2.36 ug/ml in the study by Menkhaus et al. 
These esmolol concentrations are considered to be in 
the therapeutic range. Patients in the study by Menk- 
haus et al. with a very similar anesthetic technique 
but with chronic B-blocker medication not continued 
until the time of surgery, showed an attenuated HR 
response to tracheal intubation, in contrast to our 
chronically B-blocked patients. We chose to use a di- 
azepam-based anesthetic technique like Menkhaus et 
al. because it was likely that a hemodynamic response 
to stimulation would be seen (2), but added a low 
concentration of enflurane (0.9%) because we wanted 
to prevent very great heart rate and blood pressure 
increases in these patients with coronary artery dis- 
ease. 

In conclusion, we have shown that in patients with 
normal global ventricular function, maintained on their 
regular B-blocker until the time of surgery, esmolol 
does not further attenuate the heart rate response to 
noxious stimulation. However, esmolol did lower the 
blood pressure increase in these patients, probably 
via its negative inotropic effect. Thus, the use of es- 
molol would be more appropriate in patients who are 
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not on ehronic B-adrenergic blocker therapy or pos- 
sibly in patients with depressed myocardial function 
in whorn the evanescent action of esmolol might be 
of benefit. 
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[n a double-blind randomized study of three groups of 18 
patients scheduled for major abdominal surgery the efficacy 
and side effects of sublingual buprenorphine were tested and 
compared to intramuscular meperidine and buprenorphine. 
Single doses of either 75 mg of meperidine, 0.4 mg of sub- 
lingual buprenorphine, or 0.3 mg of intramuscular bu- 
prenorphine were used, Patients given buprenorphine 2s 
sublingual tablets were significantly more conscious in fie 
intmediate postoperative period (Glasgow Coma Scales than 
when given buprenorphine or meperidine intramuscularly. 
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Median pain intensity differences (PID) showed equal pain 
relief, whereas the summarized pain intensity differences 
(SPID) were significantly higher in the Intramuscular bu- 
prenorphine group compared to the meperidine group. Three 
cases of respiratory acidosis in the meperidine group required 
IPPV treatment, and one case in the urtramuscular bu- 
prenorphine group required treatment. Sedation and nausea 
were the most common side effects in all three groups. We 
conclude that sublingual buprenorphine is useful for reltef 
of postoperative pain and exhibited administrative advan- 
tages, when the patients were able to cooperate. 


Key Words: ANALGESICS—meperidine, buprenor- 
phine. ANALGESI¢ 2asurement, postoperative. 
PAIN—postoperative. 
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Buprenorphine, an analogue of diprenorphine, is a 
relatively new synthetic opiate analgesic of high po- 
tency with mixed agonist—antagonist properties. It 
provides postoperative analgesia for 8-12 hr after in- 
tramuscular and intravenous administration (1,2). 
Sublingual administration of buprenorphine has also 
been used for treatment of postoperative pain and the 
suitability of the drug for this route is suggested by 
its high lipophilicity, high first pass effect, long da- 
ration of action and low addiction potential (3). 

The aim of this study was to evaluate the efficacy 
anid side effects a o eee S as com- 
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Methods 


Fifty-four patients scheduled for elective major upper 
abdominal surgery were randomly doae to three 
equal groups in a double blind study. The trial was 
conducted in accordance with the Helsinki H Decla- 
ration and approved by our local Ethics Committee. 
Informed consent was obtained from each patient be- 
fore anesthesia. Lower age limit for taking part in the 
study was 16 yr, but there was no upper age limit 
nor ASA limitation as long as there were no contrain- 
dications with regard to the anesthetic technique or 
postoperative narcotic analgesic medication. Ex- 
cluded from the study were also patients with chronic 
use of analgesics, benzodiazepines, or alcohol. 

Premedication consisted of diazepam, 0.2 mg/kg 
intramuscularly, 1 hr preoperatively. Anesthesia was 
induced with thiopental, 5 mg/kg intravenously, and 
maintained with halothane, 0.2—2%, and nitrous ox- 
ide, 67%, in oxygen. Pancuronium, 0.1 mg/kg intra- 
venously, was used for muscle relaxation. 

The first dose of analgesic was given approximately 
30 min before termination of surgery. At this time 
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Table 1. Preoperative Respiratory Parameters 


Neer re ne eR NR RANI NC RRA ete ATA RAT terre IRA re ferret ee er ArH terra AETArp A 


Intramuscular 
meperidine 


Sublingual Intramuscular 
buprenorphine buprenorphine 


(1 = 18) (n = 18) (7 = 18) 
FVC (L) 32 2.9 3.6 
(1.0-5.1) (1.2-4.2) (1.8-5.5) 
FEV, (L) 2.1 2 2.4 
(1.0-3.3) (0.5-3.3) (1.3-4.5) 
Peak fow 355 378 390 
(L/min) (60-620) (125-600) (140-625) 
Abnormal | { I 


chest x-ray 





Values are median, range in parentheses, 
Abbreviations: FVC, forced vital capacity; FEV, 
volume. 


forced expiratory 


patients in group 1 double blindly received an intra- 
muscular injection of meperidine of 75 mg plus two 
placebo sublingual tablets, group 2 received 1 ml of 
normal saline intramuscularly plus two buprenor- 
phine sublingual tablets, i.e., 0.4 mg of buprenor- 
phine sublingually, and finally, patients in group 3 
were given 0.3 mg of buprenorphine intramuscularly 
plus two placebo sublingual tablets. Meperidine was 
compared to buprenorphine because it was the drug 
of choice for postoperative pain treatment in most 
departments. Postoperatively, analgesic medication 
was continued in the same manner with coded am- 
pules and sublingual tablets. All anesthetists and re- 
covery unit nurses supervised all patients to assure 
tablets were, in fact, absorbed sublingually. 

Pain intensity was assessed by the patient on a 0-4 
rank scale (0, no pain; 1, mild pain; 2, moderate pain; 
3, severe pain; 4, intolerable pain) before and every 
half hour after each analgesic medication. Whenever 
pain intensity exceeded one point, analgesic medi- 
cation was repeated. The total period of controlled 
analgesic treatment was 24 hr. The reduction in pain 
score at each observation time of administration of 
analgesics was calculated as the pain intensity differ- 
ence (PID). The sum of pain intensity difference scores 
(SPID) was calculated by adding the product of each 
PID value and the time interval since the previous 
observation (4). 

Arterial blood pressure, heart rate, and respiratory 
rate were measured each hour and immediately be- 
fore medication. Arterial blood gas tensions were an- 
alyzed 60 min after medication. 

The degree of consciousness was registered every 
half hour for 180 min by means of a modified Glasgow 
Coma Scale (5). This scale was considered appropriate 
because it is one of the few scales for estimating the 
general functional condition of the cerebrum, i.e., 
equivalent to direct assessment of the degree of se- 
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Table 2. Quality and Duration of Pain Relief 


amarei ieena aai 


SEMMI mananan mieten innare rainane eeann it mAr ee aape, 


Intramuscular — Sublingual Intramuscular 





meperidine buprenorphine buprenorphine 
(n = 18) (n = 18) (n = 18) 
Total median Gul" Biz ILO 
duration of (2.3~12.5) (2.6~12.5) (5~25) 
anaieesia (hr) 
PHD 20 2.0 2.0 
(0-3) (0-3) (0-2) 
SPID 7B 9.9 13.6" 
(0.4-24.0) (2.8~24.0) (6.8-48,0) 


Iinninmewanmaaiak iieii aana ir iatna a TT 


aiii 





Vales are median, range in parentheses, 

Abbreviations: PID, pain intensity difference; SPID, sum of pain infensity 
differeuce score, 

a Merete lat 


dation by means of eye reactions as well as verbal 
and other motor reactions. Evaluation of the latter 
funciton was modified in order to minimize various 
degrees of brain stem effects, as opposed to cerebral 
effects. Minimum and maximum values on the scale 
are Qand 10 points, respectively. 

Ow preoperative evaluation, the forced vital ca- 
pacity (FVC), forced expiratory volume (FEV,), and 
peak ‘low (PF) were measured. Chest x-rays were 
taken preoperatively and together with PF, were re- 
peated 24 hr postoperatively. 

All subjective and objective side effects were re- 
corded and 24 hr after termination of anesthesia all 
patients were interviewed in order to calculate du- 
ration of amnesia, to record any previously unnoticed 
symptoms, and to record the patients point of view 
concerning anesthesia and pain treatment. 

Statistical analysis was performed utilizing y test, 
Mann-Whitney rank sum test, Kruscal—Wallis test, 
and Junns multiple comparisons using Krus- 
cal-Wallis tests. Significance was assigned at 0.05. 











Resu ts 


There were no significant differences in age among 
the three groups (medians: 58 yr, 52 yr, and 55 yr), 
weigh: (medians: 74 kg, 69 kg, and 74 kg) and ASA 
groupmng. Duration of anesthesia (medians: 145 min, 
130 nun, and 144 min), blood loss, heart rate, and 





tween the groups, but one patient from each group 
had an abnormal preoperative chest x-ray. 
Pos-operatively the differences in the degree of 
conscr@usness between the sublingual buprenorphine 
group and the other two groups were significant. The 
mediam score in group 2 30 min after termination of 
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Table 3. Postoperative Data 


Intramuscular Sublingual Intramuscular 
meperidine buprenorphine buprenorphme 
(7 = 18) (n = 18) (un = 18) 
Peak flow at 24 252 256 270 
hr (L/min) (60—410) (50-600) (100-550) 
Severity of 
changes in 
chest x-rays 
(number) 
+ l 0 l 
pap 0 0 i 
Cases of 5 2 2 
respiratory 
acidosis 
IPPV treatment 3 0 l 
(number) 


Abbreviation: IPPV, intermittent positive pressure ventilation. 
“Values are median, range in parentheses. 


surgery was 9.0, after 60 min 9.5, and 10.0 after 180 
min, whereas the values in group 1 were 5.5, 6.0 and 
9.0, and in group 3 6.0, 8.0 and 9.5. Patients were 
significantly more conscious when given sublingual 
buprenorphine in the first hour postoperatively than 
when given intramuscular buprenorphine or intra- 
muscular meperidine (P < 0.05 after 30 and 60 min). 

The median PID values showed equal pain relief 
in the three groups (Table 2). On the other hand, the 
median SPID values were significantly higher in the 
intramuscular buprenorphine group (13.6) compared 
to the intramuscular meperidine group (7.8) (P < 0.05). 
No significant differences existed between the intra- 
muscular meperidine group and the sublingual bu- 
prenorphine group or between the intramuscular bu- 
prenorphine group and the sublingual buprenorphine 
group. Duration of analgesia (Table 2) showed the 
same significant differences as SPID. 

The total median consumption of meperidine dur- 
ing the 24-hr period was 337.5 mg (range 150-600 mg) 
given as 4.5 injections (range 2~8). In the intramus- 
cular buprenorphine group the median dose was 0.9 
mg (range 0.3-1.5 mg) given as three injections (range 
1-5), whereas the sublingually administered median 
dose of buprenorphine was 1.6 mg (range 0.8-3.2 mg) 
given as eight tablets (range 4-16). There was a sta- 
tistically significant difference between the median 
dose of intramuscular buprenorphine and bupren- 
orphine given sublingually (P < 0.01). 

Postoperative respiratory parameters are shown in 
Table 3. Five patients in group 1, five patients in guoup 
2 and four patients in group 3 showed severely ab- 


a 


CARL ET AL. 


Table 4. Number and Percentage of Patients with Side 
Effects during the Observation Period 


Intramuscular Sublingual Intramuscular 
meperidine buprenorphine buprenorphine 

(n = 18) (m = 18) (n = 18) 
Sedation 12 (66%) 9 (53%) 13 (72%) 
Sweating 2 (11%) 1 (6%) 1 (6%) 
Nausea 11 (61%) 9 (53%) 6 (33%)" 
Vomiting 2 (11%) 2 (11%) 2 (11%) 
Headache 1 (6%) 3 (18%) 0 (0%) 
Dizziness 1 (6%) 2 (11%) 0 (0%) 
Urinary retention 1 (6%) 0 (0%) 0 (0%) 


Total number with 
side effects 


17 (94%) 13 (72%) 13 (72%) 


ap a Sa 05, 


normal chest x-rays. In the meperidine group, five 
patients suffered from respiratory acidosis (Paco, > 
46 mm Hg). Three of these patients had low FEV, and 
PF values preoperatively (Table 1). Three patients were 
ventilated mechanically for several hours. In the sub- 
lingual buprenorphine group, three patients had res- 
piratory acidosis and all of these patients had low 
FEV, and PF values preoperatively. In the intramus- 
cular buprenorphine group one patient was ventilated 
mechanically for several hours. Only two patients had 
respiratory acidosis, and one of these had low res- 
piratory parameters preoperatively. There were no 
significant differences between the groups with re- 
gard to abnormal chest x-rays, respiratory acidosis, 
and IPPV treatment. The PF values were equally re- 
duced below preoperative values in all three groups. 

Sedation (patients’ opinion) and nausea were com- 
mon in all three groups (Table 4). Significant differ- 
ence concerning nausea was found between the me- 
peridine group and the intramuscular buprenorphine 
group (P < 0.05). 

There were no differences in duration of amnesia 
(7.6 hr, 5.3 hr, and 9.5 hr in groups 1, 2, and 3). One 
patient in group 2 and two patients in group 1 were 
not satisfied with pain treatment; all patients in group 
3 were satisfied with pain treatment. 


Discussion 

The aim of the study was to evaluate the usefulness 
of sublingual buprenorphine compared to meperidine 
and buprenorphine administered intramuscularly. 
Sublingual administration is well recognized for treat- 
ment of angina with nitroglycerin. The route appears 
to have advantages not only in terms of efficiency, 
but also convenience, cost, and safety (6). Several 
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investigators have used buprenorphine sublingually 

(7-14). Bullingham et al. found that the absolute sys- 
temic availa ability of 0.4 mg and 0.8 mg was approx- 
imately 56%. For both of the mentioned doses, sig- 
nificant plasma drug concentrations were seen at times 
beyond 30 min. This correlates with the time of onset 
of analgesia when sublingual buprenorphine was ad- 
ministered after a preceding intravenous dose of bu- 
prenorphine, reported as 15-45 min (8). Plasma drug 
concentrations of buprenorphine after sublingual 
administration changed relatively slowly; typically the 
highest drug concentrations were not reached until 3 
hr after administration. This suggests that plasma drug 
concentrations as low as 0.4-0.6 ng/ml are associated 
with appreciable analgesic effect. The surprising an- 
algesic efficacy, despite low plasma levels, of the sub- 
lingual route may be explained by the dose—plasma 
level response relation with respect to the sublingual 
route, and by specific features of buprenorphine (8). 
Buprenorphine is very lipophilic and its association 
with opiate receptors is relatively slow, but avid (15). 

In our study, where the pharmacokinetic proper- 
ties of buprenorphine were not studied, the indirect 
evidence of onset of analgesia and analgesic effect was 
PID, SPID, and duration of action. Compared to in- 
tramuscular administration of meperidine, with onset 
of analgesia after about 15 min, PID values of 2.0 for 
both sublingual buprenorphine and meperidine con- 
firm that sublingual absorption is rapid even with a 
relatively low dose of 0.4 mg buprenorphine. The 
difference in duration of action between sublingually 
and intramuscularly administered buprenorphine 
corresponds to extraction ratios of 56% and 85% of 
the administered dose found by Bullingham et al. 
(7,8,9); 

In this study, the consumption of buprenorphine 
o ly (1.6 mg) was double the dose found by 
Shah et al. (14), but the same as found by Ellis et al. 
(11) and Derbyshire et al. (12). In one of these studies 
(14) the analgesics were given on patient demand, 
whereas in the others they were administered every 
6 hr. In our study the administration of analgesics 
could almost be considered as on demand. Thus, the 
difference from the results of Shah et al. (14) is not 
merely explained by higher doses when the drug was 
administered regularly rather than on demand. How- 
ever, the type of surgery might have influenced these 
differences because our patients were all subject to 
extensive surgery. 

The duration of analgesia was 8.2 hr in the sublin- 
gual buprenorphine group and 11 hr in the intra- 
muscular buprenorphine group. These results are 
comparable to the results of Shah et al. (14). 

In the sublingual buprenorphine group the admin- 
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istration of the analgesic proved to be a problem dur- 
ing amesthesia because of the absence of salivation. 
However, all sublingual tablets were dissolved when 
a few drops of normal saline were instilled sublin- 
gually:. This has also been observed by Fry (19). 

The differences in level of consciousness (Glasgow 
Coma Scale) in our three groups of patients during 
the iramediate postoperative period are most likely 
related to the slow increase of plasma concentration 
of buprenorphine after sublingual administration. Al- 
most ell of the patients in the meperidine group (94%) 
claimed unwanted side effects compared to patients 
treated with buprenorphine (72%). Most patients 
comp ained of nausea and sedation, a result compa- 
rable % other studies (11—14,16). In the study by Shah 
et al. (14) almost 60% of patients in the sublingual 
buprenorphine group and 80% in the intramuscular 
group were medicated with antiemetics. In this study 
the number of patients given antiemetics was not re- 
corded. Dizziness is also a well-known unwanted side 
effect of buprenorphine. Edge et al. (3) claims that 
this symptom is proportional to the dose of bupren- 
orphine. We recorded only two cases of dizziness in 
the sublingual buprenorphine group. 

We conclude that sublingual buprenorphine is use- 
ful fov relief of postoperative pain. Buprenorphine 
given sublingually exhibited administrative advan- 
tages, but in the immediate postoperative period 
administration of the drug sublingually may be dif- 
ficult because of the inability of many patients to co- 
operase. This problem could be overcome by giving 
the drug intravenously or intramuscularly until the 
patiemts are conscious enough to cooperate. 
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Hepatic Dysfunction after Isoflurane Anesthesia 


Robert K. Stoelting, MD, Casey D. Blitt, MD, Peter J. Cohen, MD, and Robert G. Merin, MD 
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STOELTING RK, BLITT CD, COHEN PJ, MERIN RG. 
Hepatic dysfunction after isoflurane anesthesia. Anesth 
Analg 1987;66:147—53. 


Four members of the Anesthetic and Life Support Advisory 
Committee of the Food and Drug Administration assessed 


the contribution of isoflurane (Forane®) to 45 instances of 


hepatic dysfunction after isoflurane anesthesia reported to 
the FDA for 1981—1984. For 29 (64%) of the cases, at least 
three members concluded that nonanesthetic causes (e.g, 

hypoxia, sepsis, viral infection) explained the hepatic injury. 
For 16 cases (36%), two or more members concluded that 
isoflurane might be one of several possible causes of the 


hepatic njury. In the latter cases, patients tended to be 
younger had undergone anesthesta ef shorter duration for 
operdtiags outside the chest and abdomen, had developed 
symptores later, had higher plasma transaminase values but 
lower brirubin values, and had a lower incidence of eosi- 
noplulia enema, transfusions, and congestive heart failure. 
The corsmuttee concluded that current evidence does net 
indicate reasonable likelihood of an association betwee 
the use of isoflurane and the occurrence of postoperative 
hepatic eysfunction. 


Key Words: ANESTHETICS, vovatite—isoflurane. 
LIVER—-isoflurane effects. 
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Isoflurane is a volatile inhalation anesthetic that was 
approved for clinical use in 1980. Extensive animal 
and clinical trials produced no evidence of hepatic 
dysfunction caused by isoflurane (1). The absence of 
a relationship between this agent and hepatic injury 
was ascribed to the chemical stability of isoflurane and 
the rapidity with which it was eliminated after anes- 
thesia. Rapid elimination resulted from its modest 
blood and tissue solubility. Metabolism of isoflurane 
was slight. Only 0.17% of an absorbed dose of iso- 
flurane was recovered in the form of metabolites in 
urine, and the latter were not considered to be hep- 
atotoxic (2). 

Despite these favorable characteristics, 45 reports 
of postoperative hepatic dysfunction in patients given 
isoflurane were filed with the Food and Drug Admin- 
istration for anesthetics administered from 1981 through 
1984. A subcommittee of four members of the An- 
esthetic and Life Support Advisory Committee of the 
FDA evaluated these adverse drug reports to deter- 
mine if a causal association exists between adminis- 
tration of isoflurane and subsequent hepatic dys- 
function. This report presents the findings leading to 
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sity School of Medicine, Indianapolis, Indiana; Old Pueblo Anes- 
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the Committee’s conclusion that the current evidence 
does not demonstrate a causal relationship between 
exposure to isoflurane and hepatic dysfunction. 


Metheds 


Each subcommittee member (RKS, CDB, PJC, RGM) 
independently evaluated the 45 reports of hepatic 
dysfurction after anesthesia with isoflurane. The in- 
formaton available included a single-page adverse 
drug report form submitted to the FDA, correspon- 
dence with physicians attending the subject patients, 
and ar extensive summary and critique of the pa- 
tient’s medical history and perioperative course pre- 
pared 3y Edmond I. Eger 1, MD. Dr. Eger is a con- 
sultant to Anaquest, the manufacturer of isoflurane 
(Forane"). The attending physicians included anes- 
thesial gists, gastroenterologists, hepatologists, in- 
uo and foal ses These moa rec ived a 
and wre n ‘to comment on the accuracy ea 
interpretation of the report. Their responses were also 
incluced in the reviewed material. 

A list of perioperative factors that could contribute 
to postoperative hepatic dysfunction was assembled 
by the subcommittee. These included the possibility 
of hepatocyte hypoxia, cholestasis, viral infection, 
sepsis, “holangitis, administration of hepatotoxic drugs, 
fatty hepatic necrosis of pregnancy, and preoperative 
liver disease. The subcommittee also assessed whether 
hepatic injury occurred too long after surgery (i.e., 
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more than 2 weeks) to be associated with the admin- 
istration of the anesthetic. Using these guidelines, 
each evaluator independently reached one of four 
conclusions regarding the role of isoflurane in causing 
hepatic dysfunction: not related, possibly related-un- 
likely, possibly related-likely, or related. The “net re- 
lated” diagnosis was selected when an obvious cause 
for hepatic injury was present and could readily ex- 
plain the degree of injury described. The remaining 
diagnoses were selected when a cause for hepatic in- 
jury other than isoflurane did not appear to be suf- 
ficient to explain the injury. As such, the diagnosis 
of isoflurane-induced hepatic dysfunction became one 
of exclusion. 

Individual cases were then grouped according to 
the number of committee members who concluded 
that the use of isoflurane was unrelated to the oc- 
currence of hepatic dysfunction. In group A, all four 
committee members agreed that no relationship ex- 
isted; in group B, three of the four members agreed 
that no relationship existed; in group C, two of the 
four members agreed; in group D, only one member 
decided that no relationship existed; and in group E, 
all four members concluded that a relationship might 
have existed. Data for groups A through E were then 
compared by means of analysis of variance or y anal- 
ysis to determine whether patient characteristics 
changed as more committee members agreed that iso- 
flurane might have caused the dysfunction (Table 1). 
A total of 55 comparisons were made. In some cases 
we applied a logarithmic transformation to the data 
because of the skewed nature of particular results 
(e.g., transaminase). In addition, we applied regres- 
sion analysis where inspection suggested a trend for 
any characteristic from Group A to E. 

Data for groups also were combined and then com- 
pared to determine whether pooling the data dis- 
played in Table 1 would demonstrate differences (3). 
Results for group A were compared to the pooled 
results for groups B-E; results for groups A and B 
were combined and compared to the pooled results 
on groups C-E; and the combined results for groups 
A and B were compared with the combined results 
tor groups D and E (Table 2). Comparisons were made 
using Student's t-test, Fisher’s exact test, or Pearson’s 
x test as appropriate. 

Finally, a syndrome score was computed for each 
ieee eye a nts were Caven 
of i J. A (personal communication o E. 
[. Eger), described previously (5). The score consisted 
of twelve variables (Table 3) graded as present (pos- 
itive) or absent. For each patient, the total number of 
positive variables was divided by the total number of 
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variables for which data were available. Group means 
and standard deviations were then calculated (Ta- 
ble 2). 

In order to avoid a type 2 error (false negative re- 
sult), no allowance was made for multiple compari- 
sons. For all comparisons, a value of P < 0.05 was 
considered statistically significant. 


Results 


Several characteristics were common to almost all pa- 
tients. All had surgery with an anesthetic that in- 
cluded isoflurane and nitrous oxide. Most also re- 
ceived a barbiturate and an opioid as components of 
their anesthetic management. All had hepatic dys- 
function after anesthesia, and in all cases the attend- 
ing physician had questioned whether isoflurane might 
have contributed to the dysfunction. 

For 18 of the 45 cases (40%) postoperative hepatic 
dysfunction was considered as not related to isoflur- 
ane by all four reviewers (group A). For 11 additional 
patients (24%), hepatic dystunction was judged not 
related by three reviewers and as possibly related- 
unlikely by one reviewer (group B). Thus, 29 of the 
45 cases (64%) were judged by at least three of four 
reviewers to be the result of causes other than iso- 
flurane. 

In the remaining 16 cases (36%), two or more re- 
viewers determined that isoflurane could not be ex- 
cluded as a cause of postoperative hepatic dysfunc- 
tion. Five were judged not related by two reviewers 
(group C), and eight were judged not related by one 
reviewer (group D). Of the three remaining cases (group 
E), one was judged possibly related-unlikely by three 
reviewers and possibly related-likely by one reviewer, 
and all four reviewers concluded that the other two 
cases were possibly related-unlikely. The latter two 
involved pregnant women undergoing cholecystec- 
tomy who also were treated with a B.-adrenergic ag- 
onist (terbutaline and/or ritodrine). No reviewer in- 
voked the related conclusion for any case. 

As indicated above, there appeared to be reason- 
able agreement among the reviewers. All four agreed 
completely for 47% of the cases s, and three of four 
reviewers agreed for an additional 40% of the cases. 
In only 11% of the cases was the opinion equally 
divided between not related and possibly related. 
However, a generalized « value of 0.34 was obtained 
for the four reviewers suggesting, in fact, poor agree- 
ment beyond chance (6). 

Because 55 variables were compared (Table 1), sig- 
nificant differences (P < 0.05) should have occurred 
by chance alone for three variables. In fact, five sig- 
nificant differences arose: time to onset of jaundice 
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Table 1. Analysis of Patients Grouped by Increased Suspicion of a Relationship between Administration of Isoflurane 


and Subsequent Hepatic Injury” 


Variable® Group A Group B Group C Group D Group E 
Total numbers per group 18 11 : 8 3 
Patient Age (yr) 51 + 4 (18) 47 + 5 (11) 48 + 13 (5) 39 + 6 (8) 27 + 13 (3) 
Percentage males 61 (18) 46 (11) Zu (5) 50 (8) 33 (3) 
Minutes of anesthesia 215 + 42 (18) 209 + 57 (11) 130 + 54 (4) 119 + 17 (8) 143 + 51 (3) 
Log minutes of anesthesia 2.2 + 0.4 (18) 2.2 + 0.4 (11) 2.0 + 0.4 (4) 2.0 + 0.2 (8) 2.1 + 0.4 (3) 
Percentage given an opioid 88 (16) 80 (10) 19e (4) 100 (7) 100 (3 
Percentage of atopic patients 41 (17) 46 (11) e (4) 39 (7) 0 (3) 
Percentage previously given a 46 (13) 38 (8) 3 (4) 67 (6) ~~ (0) 
halogenated anesthetic 
Days to symptom onset (first Zi) A LOATI 9.5 + 10.7 (8) Oe EREN. 62 E 89 (4) 3.0 + 1.0 (3) 
exposure to halogenated 
anesthetic) 
Log days to onset 0.3 + 0.1 (11) 0.7 + 0.2 (8) 0.8 + 0.1 3) 0.4 + 0.3 (4) 0.5 + 0.1 (3) 
Days to symptom onset 6.0 + 5.0 (4) 2.5 + 1.3 (3) 11.5 + 10.5 (2) 5.8 + 1.5 (4) — (0) 
(multiple exposures) 
Log days to onset 0.5 + 0.4 (3) 0.3 + 0.2 (3) 0.7 + 0.7 (2) 0.7 + 0.1 (4) — (0) 
Percentage with fever as 40 (15) 56 (9) mm 4) 75 (8) 33 (3) 
presenting symptom 
Peak temperature (°C) 38.9 + 0.2 (14) 38.6 + 0.3 (9) I7 £023): 38.5 20:27) 39.5 + 0.6 (3) 
Percentage having jaundice 72 (18) 55 (11) 2’. (4) 71 (7) 67 (3) 
Days to onset of jaundice 3.9 + 1.8 (7) 13.2 + 6.0 (4) — {Q) 34 (1) 5.0 + 2.0 (2) 
(first exposure) 
Log days to onset of 0.5 + 0.2 (6) 1.0 + 0.2 (4) — (Q) 1,5 (1) 0.7 £ 0.2 (2) 
jaundice 
Days to onset of jaundice 6.8 + 4.3 (5) 4.0 + 1.0 Q) 3.8 §1) Sor EAr -— (0) 
(multiple exposures) 
Log days to onset of 0.6 + 0.3 (4) 0.6 + 0.1 (2) Q» 1) 0.9 + 0.1 (3) — (0) 
jaundice 
Percentage with peak 24 (17) 30 (10) 8 3) 0 (7) 0 3) 
eosinophils > 6% 
Peak eosinophil count 4.0 + 0.7 (17) 4.4 + 1.8 (10) 1:7 = 1.7 (3) 1.1 + 0.6 (7) 2.7 + 1.4 (3) 
Log peak eosinophil count 0.6 + 0.1 (15) 0.5 + 0.2 (8) TOE (1) 0.4 + 0.1 (3) 0.6 + 0.1 (2) 
Percentage with rash 6 (17) 30 (10) x (4) 13 (3) ü (2) 
Percentage with chills 57 (14) 40 (10) a (4) 43 (7) 33 (3) 
Percentage with anorexia 79 (14) 82 (11) 7m (4) 75 (8) 33 (3) 
Percentage with nausea 64 (14) 73 (11) Ta (4) 75 (8) 33 (3) 
Percentage with diarrhea 54 (15) 30 (11) 7a (4) 29 (7) 0 (2) 
Percentage with 50 (18) 60 (10) 2s (4) 14 (7) 100 (3) 
encephalopathy 
Percentage with renal failure 11 (18) 20 (10) 5a (4) 0 (7) 33 (3) 
Peak SGOT (IU) 1017 + 781 (16) 2837 + 2219 (11) 3967 + 3142 (4) 420 + 192 (8) 6678 + 4501 (3) 
Log peak SGOT 2.3 + 0.2 (16) 2.9 2 0.2411) 3.1 + 0.4 (4) 2.4 + 0.2 (8) 3.4 + 0.5 (3) 
Percentage with peak SGOT 19 (16) 73 (11) P= {4) 25 (8) 67 (3) 
> 370 IU 
Peak SGPT (IU) 851 + 516 (13) 1874 + 1190 (10) 3119 + 1706 (4) 687 + 316 (6) 4536 + 2063 (3) 
Log peak SGPT 2.2 + 0.2 (13) 2.8 + 0.2 (10) 3.3 + 0.3 (4) 2.6 + 0.2 (6) 3.4 + 0.4 (3) 
Peak LDH (IU) B86 + 444 (16) 3513 + 3064 (8) 4688 + 4396 (3) 385 + 1042 (7) 1847 + 1603 (2) 
Log peak LDH 2.6 + 0.1 (16) 2.9 + 0.2 (8) 3.0 + 0.6 (3) LIELA 3.0 + 0.6 (2) 
Peak alkaline phosphatase 299 + 71 (16) 289 + 45 (11) 335 + 84 (4) 358 + 83 (7) 296 + 46 (3) 
Log peak alkaline 2.3 + 0.1 (16) 2.4 + 0.1 (11) 2.5 + 0.1 (4) 2.9 204-7) 2.9 = 0:13) 
phosphatase 
Peak bilirubin (mg/dl) 18 22.9 C7) 6.4 + 2.4 (11) 2.0 + 0.4 (4) 4.2 + 1.7 (7) 12:7 = RS 
Log peak bilirubin 0.8 + 0.1 (17) 0.5 + 0.2 (11) 0.3 + 0.1 (4) 0.4 + 0.2 (7) 0.6 + 0.6 (3) 
Percentage with bilirubin > 77 (17) 55 (11) 2s (4) 43 (7) 67 (3) 
2.5 mg/dl 
Percentage obese (> 20% 38 (16) 36 (11) 34 (4) 38 (8) 33 (3) 
above ideal Davidson 
Score?) 
Percentage with major cavity 72 (18) 46 (11) Sm (5) 13 (8) 0 (3) 
surgery 


P value 


0.28 
0.54 
0.92 
0.76 
0.60 
0.31 
0.75 


9.35 
).95 
HIS 
0.36 
0.53 
0.72 
0.27 
9.14 


0,22 
n.31 
FRUN 
0.04! 


9.23 
0,009 
0.51 
1}.46 
0,97 
).74 
0,24 
0.29 
9.29 


).99 


0.01 


‘continned) 
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Table 1. (continued) 
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Group C Group D Group E P value 





Variable” Group A Group B 

Percentage with history of 28 (18) 30 (40) 
blood pressure > 140/90 
mm Hg 

Percentage with postoperative 44 (18) 30 (10) 
pressure decrease > 30% 

Percentage with postoperative soa (} (EO) 
congestive heart failure 

Percentage with postoperative 69 (13) 67 (9%) 
hypoxemia 

Lowest Pao: (mm Hg) 58 + 3 (8) 61 + 5 (6) 

Percentage with hemoglobin 39 (18) 60 (20) 
< 10 gdi 


Lowest hemoglobin (g/dl) 10822-03447) 


Percentage receiving 61 (18) 60 (10) 
transfusions 

Units of blood transtused 5.8 + 2.3 (18) 10.7 + 7.3 G0) 

Percentage with evidence of 59 (17) 78 (9) 
sepsis 

Percentage with centrilobular 14 (7) 50 (2) 
necrosis 

Percentage dead 35 (17) 18 (11) 


Syndrome score 0.46 + 0.04 (18) 


9.5 + 7 (10) 


0.50 + (07 41) 


25 (4) 13 (8) 67 (3) 0.52 
50 (4) 0 (6) 67 (3) 0.23 

0 (4) 0 (8) 33 (3) 0.06 

60 (5) 0 (4) 100 (2) 0.09 

67 + 19(3) (0) 48 + 11 (2) 0.62 
33 (3) 0 (7) 33 (3) 0.17 
97+ 09(2) 12.2 + 0.8 (7) 12.6 + 2.1 (3) 0.09 
25 (4) 25 (8) 33 (3) 0.33 
18+ 184) 21 + 1.94) 1341308) O61 
40 (5) 50 (6) 0 (2) 0.29 

0 (2) 0 (1) =d] 0.53 

40 (5) 0 (8) 50 (2) 0.28 


0.49 + 0.13 (5) 0.42 + 0.07 (8) 0.40 + 0.15(3} 0.90 





“The lowest suspicion is for group A; the highest for group E. 


"Values are given as the mean + the standard error of the mean; in each set, the number in parentheses is the number of patients for that set. 


‘Significant by y” analysis. 
“Significant by analysis of variance. 


after first exposure, log peak SGOT, SGOT >370 units, 
log peak SGPT, and major cavity surgery. No pattern 
emerged that would suggest a causal role for isoflur- 
ane. For example, regression analysis did not reveal 
a progressive change in any of the five variables as 
more reviewers considered that isoflurane could not 
be excluded as a causal factor. In addition, the changes 
in transaminases are not independent and may be 
considered to indicate a single significantly different 
variable. Jaundice after a first exposure to isoflurane 
did not occur sooner after anesthesia as the suspicion 
for a possible role of isoflurane increased, i.e., there 
was no consistent change from group A through 
group E. 

Patients for whom a greater fraction of the review- 
ers (i.e., groups D and E) considered isoflurane a 
potential cause tended to be younger. Although the 
difference in age among groups was not significant 
according to analysis of variance (Table 1), regression 
analysis yielded a significant negative correlation be- 
tween an increasing fraction of reviewers who con- 
sidered isoflurane a potential cause and age (r = ~— 0.35, 
P < 0.016). This was the only significant correlation 
given by regression analysis. 

The comparisons between combined groups re- 
vealed a greater number of significant differences (Ta- 
ble 2). The differences are summarized as follows. The 


patient suspected of having isoflurane-induced he- 
patic injury: 1) was likely to be younger; 2) had a 
shorter duration of anesthesia; 3) was less likely to 
have undergone surgery in a major cavity; 4) had a 
longer time to onset of symptoms; 5) had a higher 
peak serum transaminase, but 6) lower serum bili- 
rubin levels; and was less likely to develop 7) eosi- 
nophilia, or 8) anemia; or to have 9) a transfusion, or 
10) congestive heart failure. The syndrome score was 
not significantly different between any combination 
of single or pooled groups (Tables 1 and 2). 


Discussion 
Perioperative hepatic injury has diverse origins. For 
example, the reviewers found injury possibly related 
to sepsis, hypoxia (including hepatic infarction), bil- 
iary obstruction, nutritional deficiency (prolonged, i.e., 
more than 30 days, vomiting), circulatory shock, viral 
hepatitis (including herpes virus), and antibiotic 
(erythromycin estolate) administration. The diverse 
causes of hepatic injury have been noted in other 
investigations of hepatic injury after anesthesia with 
a halogenated anesthetic (5,7). 

Thorough investigation is required to discover the 
source of hepatic injury after anesthesia. One example 
is the finding that herpes virus caused massive he- 
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Table 2. Significant Differences in Patient for Combined Groups 


Variable >> 


Patient age (yr) 
Minutes of anesthesia 

Percentage having major cavity surgery 
Days to symptoms (first exposure) 

Log peak SGOT 

Log peak SGPT 

Log peak bilirubin 

Peak eosinophil count (%) 

Percentage having anemia 

Lowest hemoglobin (g/dl) 

Percentage havi ing transfusions 
Percentage having congestive heart failure A vs B-E 
Syndrome score A vs B-E 
Syndrome score 
Syndrome score 


A vs B-E 
A vs B-E 


A vs B-E 





Abbreviation: NS, not significant. 





A and B vs D and E 
A and B vs C-E 
A and B vs D and E 


A and B vs C-E 


A and B vs Dand E 
A and B vs D and E 
A and B vs Dand E 
A and B vs C-E 


A and B vs C-E 
A and B vs D and E 


Values for 
possible groups” 


Values for 


unlikely groups” P value 
VR 








49.6 + 3.3 (29) 3a 2) 0.04 
213 + 33 (29) 127 2 18 (15) 0.03 
62 (29) 9 g 1) 0.004 
2.46 + 0.49 (11) 7.06 + 1.98 (18) 0.04 
2.28 + 0.16 (16) 2.83 + 0.13 (26) 0.01 
2.47 + 0.15 (23) 2.99 + 0.18 (13) 0.04 
0.82 + 0.13 (17) O.45 $ ei i (25) 0.04 
4.15 + 0.79 (17) I. aoe $ 58 (10) 0.01 
46 (28) te 0.04 
10.3 + 0.42 (27) oe #4177 (10) 0.04 
61 (28) 27 (Ea OEF 
35 (17) 4 (25) 0.02 
0.46 + 0.04 (18) 0.46 + 0.10 {27 NS 
0.47 + 0.04 (29) 0.44 + 0.06 (16) NS 
0.47 + 0.04 (29) 0.41 + 0.06 (11) NS 





arcane pm AAA tte a Att tater NNT TIS PA UTSLER IT 4 rH AAA rete 


ot he first uP ronan of Ten w ae TR a was oe oie to Ki 2 aoo to Ane ae TaD of Po eran by at aal thros of The 


Vales - are giv en as the mean, + SE Mw here ea in vac ch set, ae number in parentheses is the number of patients for that set. 


E by Pshers exact test; otherwise, determined by y? or Hest. 


patic necrosis in a 62-yr-old patient for whom iso- 
flurane had been part of the anesthetic management 
for cholecystectomy and removal of renal stones (8). 
Hepatic injury was noted before this patient died, and 
the attending physicians questioned whether isoflur- 
ane had contributed to the injury. However, at post- 
mortem examination, inclusion bodies were found in 
the liver and electron microscopy revealed numerous 
viral particles. A similar case has been reported for 
enflurane (Ethrane) (9), a related compound. 

In another case, a six-yr-old, 20.5 kg girl was given 
isoflurane and nitrous oxide for tonsillectomy and ad- 
enoidectomy. Vomiting, diarrhea, and abdominal pain 
appearing around the seventh postoperative day led 
to investigations on the tenth day. Bilirubinuria and 
increased serum transaminases (SGOT, 244 IU; SGPT, 
392 IU) in the absence of positive markers of viral 
infection suggested that isoflurane might have caused 
the hepatic injury. This diagnosis was discarded when 
the attending pediatrician discovered that the surgeon 
had administered adult doses of erythromycin esto- 
late for 2-3 days before surgery and for 7 days there- 
after. Erythromycin estolate can produce nausea, 
vomiting, abdominal pain, and hepatic dysfunction 
(10). 

These observations suggest that the etiology of some 
cases of alleged anesthetic-induced hepatitis, includ- 
ing several in the present series, could be resolved by 
a thorough evaluation. The role of isoflurane in post- 
operative hepatic dysfunction is more likely to be dis- 
counted when extensive laboratory tests and detailed 


perioperative information are available. The diagnosis 
of anesthetic-induced hepatic injury can be made only 
by exclusion of other likely causes of injury. 

The reviewers concluded that causes other than 
isoflurane could account for postoperative hepatic 
dysfunction in 29 of the 45 cases of hepatic injury 
after anesthesia with isoflurane. Comparison cf these 
29 Jeli with the remaining 16 patients for whom 





operative hepatic dysfunction did not reveal a pattern 
of characteristics that distinguished the two groups. 
The data did not indicate an “allergic” or “sensi- 
tization” response such as is ascribed to halothane 
hepatitis (7). The suspect groups (C, D, and E) did 
not hæve a higher incidence of history of allergy (21% 
in groups C, D, and E vs 43% in groups A plus B), 
history of prior exposure to a volatile anesthetic (50% 
vs 43% ), fever as a presenting symptom (27% vs 46%); 
eosinophilia (0% vs 26%), or rash (21% vs 15%). Time 
to onset of symptoms did not shorten after multiple 
exposures (6.0 days after multiple exposures; 5.3 days 
after a first exposure). Similarly, the syndrome score 
was not higher in the suspect group (Tables 1, 2). 
Many characteristics of the 45 patients were similar 
to those thought to be associated with halothane-in- 
duced hepatitis. Such characteristics were found equally 
in patients for whom causes other than isoflurane 
were apparent and in those for whom such causes 
were ess apparent or not apparent at all (e.2., see 
the syndrome score comparisons in Table 2). 
However, the parallels between halothane and iso- 
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Table 3. Syndrome Variables 


Prior anesthesia with a halogenated anesthetic 

Fever as a presenting sign 

Chills 

Nausea 

Anorexia 

Rash 

Eosinophilia 

An observation of jaundice by the attending physicians 

A total bilirubin level exceeding 2.5 mg/dL 

A value for serum glutamic-oxaloacetic transaminase (SGOT) 
above 370 IU (i.e., more than ten times the upper limit of tne 
normal range) 

The presence of centrilobular necrosis 

Death of the patient 


flurane that would provide a common explanation for 
anesthetic-induced hepatitis are limited. Although both 
are potent halogenated anesthetics that can produce 
profound cardiorespiratory depression, isoflurane 
differs from halothane in several ways considered _m- 
portant to possible anesthetic-induced hepatotoxic_ty. 
The present reports do not indicate a sensitization 
(i.e., an allergic hepatitis) such as that suggested for 
halothane. Isoflurane is stable in the presence of sun- 
light or soda lime (1). Metabolism of isoflurane is two 
orders of magnitude less than the metabolism of halo- 
thane (2,11). Unlike halothane (12,13), isoflurane ddes 
not undergo reductive metabolism (14) nor does me- 
tabolism result in the production of free radicals (15,76). 
Isoflurane tends to maintain hepatic blood flow, end 
preserve autoregulation and delivery of oxygen to the 
liver whereas halothane decreases blood flow and au- 
toregulation (17-20). However, these differences be- 
tween isoflurane and halothane may not be relevant 
if halothane hepatitis arises from other (unknawn) 
mechanisms, mechanisms that may be shared by so- 
flurane. Alternatively, hepatitis after general ares- 
thesia may be unrelated to the anesthetics pven in 
the perioperative period. 

The incidence of perioperative hepatic dysfunction 
from causes other than anesthesia appears to be much 
greater than the incidence that might be attributec to 
isoflurane. For example, routine performance of pre- 
operative liver function tests in asymptomatic acult 
patients scheduled for elective surgery revealed un- 
suspected hepatic dysfunction in 1 of every 700 pa- 
tients (21,22). Although no surgery was perform2d, 
jaundice subsequently developed in about a thirc of 
the patients having dysfunction. The incidence of 
postoperative non-A, non-B hepatitis is reportedly 33% 
in patients undergoing surgical procedures not re- 
quiring blood transfusion (23). The incidence of he- 
patic dysfunction that might be estimated from the 
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45 reports described in the present report is 0.00032% 
(45 reports during a period when an estimated 14 
million anesthesias were conducted with isoflurane). 
This incidence obviously is an underestimate but does 
suggest the rarity of suspected cases of isoflurane hep- 
atitis. Such a rare event may not be distinguishable 
from the “noise” produced by other causes of hepatic 
injury. The diagnosis of isoflurane-induced hepatic 
dysfunction may require the administration of a chal- 
lenge test. 

The two reports of postoperative hypatic injury in 
pregnant patients treated with a f,-agonist and 
undergoing cholecystectomy suggest the need for 
careful future monitoring for this complication in such 
patients. A potential interaction of these events and 
drugs (including anesthetics) has not been previously 
reported. Nevertheless, it would be premature to in- 
criminate isoflurane as a causal link in this sequence. 
The stress of upper abdominal surgery and chronic 
administration of a drug that may decrease hepatic 
blood flow may of themselves be sufficient causes. 

In summary, the Anesthetic and Life Support Ad- 
visory Committee to the FDA concluded that these 
45 reports do not reveal a reasonable association be- 
tween administration of isoflurane and the subse- 
quent appearance of hepatic dysfunction. Future re- 
ports alleging isoflurane-induced hepatic dysfunction 
will be evaluated by the committee using the same 
criteria applied to these 45 cases. The medical com- 
munity and patients will be best served by this con- 
tinued surveillance and by avoiding diagnoses of an- 
esthetic-induced hepatic dysfunction that are not 
substantiated by extensive laboratory investigations 
and thorough analyses of patient medical history and 
perioperative course. 


The authors gratefully acknowledge the comments and suggestions 


made by Drs. Edmond I. Eger (University of California, San Fran- 
cisco), Arthur S. Keats (Texas Heart Institute), Patricia H. Russell 
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Hypertonic Saline as a Resuscitation Solution in 


Hemorrhagic Shock: 


Effects on Extravascular Lung Water and Cardiopulmonary Function 


Joseph Layon, MD, David Duncan, mp, T. James Gallagher, MD, and 


Michael J. Banner, RRT, MEd 





LAYON L DUNCAN D, GALLAGHER T], BANNER Mf. 
Hypertonic saline as a resuscitation solution in 
hemorrhagic shock: effects on extravascular lung water 
and cardiopulmonary function. Anesth Analg 
1987;66:154-8. 


To determine the effect of resuscitation with hypertonic sa- 
line on extravascular lung water, seven adult sheep were 
endotracheally intubated; mean arterial pressure (MAP), 
pulmonary artery pressure (PAP), pulmonary capillary wedge 
pressure (PCWP), and central venous pressure (CVP) were 
monitored, A 5-French, thermister-tipped catheter was used 
fo measure extravascular lung water (EVLW). Colloid on- 
cofic pressure (COP), serum electrolytes and osmolality, 

and arterial and mixed venous blood gas tensions were med- 

sured, The COP-PCWP gradient and the shunt fraction 
(Qsp/Qt) were calculated. After baseline measurements, the 
animals were bled to an MAP of 50 mm Hg (blood volume 
removed, 16.2 + 3.6 ml/kg), which was maintained for 30 
min, measurements tien being repeated. Three percent so- 
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dium chloride solution was infused at 500 ml/15 min until 
two of three parameters—cardiac output (CO), PCWP, or 
MAP —-were restored to baseline values. Data were recorded 
again and then 60 min later. No shed blood was ices 
The total volume of hypertonic saline infused was 39 + 19 
mlikg. Pulmonary artery pressure did not vary throughout 
the study. PCWP, MAP, and CO were significantly lower 
than baseline (P < 0.05) 30 min after bleeding but all except 
MAP returned to baseline with resuscitation. Throughout 
the study, EVLW did not vary despite a COP-PCWP gra- 
dient less than 4 mm Hg. Serum sodium levels and serum 
osmolality were significantly above baseline values after re- 
suscialion. In this animal model of hemorrhagic shock, 
infusion of hypertonic saline effected resuscitation without 
compromising cardiopulmonary function or increasing 
EVLW. 


Key Words: SHOCK-—treatment. FLUID BALANCE. 
LUNG-—edema 
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Controversy about the use of colloids or crystalloids 
for hemorrhagic shock resuscitation has continued for 
at least 100 years (1,2). Several authors have recently 
advocated hypertonic saline solutions for resuscita- 
tion from hemorrhagic shock (3-5) and thermal in- 
jury-induced shock (6-9). The concentration of so- 
dium in these studies has ranged between 0.9% (154 
mEq/L) and 6% (1025 mEq/L). 

Although noncolloid (i.e., lactated Ringer’s or nor- 
mal saline) solutions for resuscitation have been con- 
sidered a cause of pulmonary edema, pulmonary cap- 
illary permeability has not been shown to increase 
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with acute hemorrhagic shock (10,11). We studied the 
effects of hypertonic saline infusion on extravascular 
lung water (EVLW) in an ovine (12,13) model of hem- 
orrhagic shock. 


Materials and Methods 


Seven sheep (43-75 kg) kept in a facility fully ac- 
credited by the American Association for Laboratory 
Animal Care were given intravenous thiamylal so- 
dium in a single dose of 15 mg/kg to induce anes- 
thesia; thereafter, small intravenous doses were used 
to maintain anesthesia. The animals were intubated 
by direct laryngoscopy and mechanical ventilation was 
initiated with a time-cycled, volume-limited ventilator 
at a frequency of eight breaths/min, a tidal volume of 
15 ml/kg body weight at zero end-expiratory pressure, 
and an Flo, of 0.5. Ventilatory frequency was adjusted 
to keep Paco, between 35 and 45 mm Hg. A pul- 
monary artery flotation catheter (American-Edwards 
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Table 1. Effects of Hypertonic Solution on Shock 
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Time after resuscitation 


30 Min aena e ce E EES 
Before shock after shock 0 6) min 
PAP (mm Hg) 19.4 + 2.5 17.0 + 5.9 20.0 2 7.2 20.4 + 6.0 
PCWP (mm He) 13.1 + 4.9 10.0 * 4.6" 13.6 + 4.4° 14.0 + 4.8" 
MAP (mm Hg) 127.1 + 14.8 49.3 + 8.4" 110.0 + 10.8" 103.6 + 16.8" 
CO {Limin} 5.05 + 2.4 REE oe ow i 6.3 + 2.4 


Values are means + SD. 
“P< 0.05 compared with before shock. 
"P< 0.05 compared with 30 min after shock. 


Corp., Irvine, CA) was placed by cutdown into the 
internal jugular vein and correct placement was ver- 
ified by waveform tracing. Pulmonary artery pressure 
(PAP), pulmonary capillary wedge pressure (PCWP), 
and central venous pressure (CVP) were monitored. 
A 5-French, thermistor-tipped catheter (American- 
Edwards Corp., Irvine, CA) was placed into the com- 
mon carotid artery and used for blood pressure 
monitoring as well as EVLW determination by the 
thermal-dye technique (14). Injections for measuring 
CO and EVLW were always made in duplicate at end- 
exhalation; they were always within 10% or 50 ml of 
each other, respectively. Hemodynamics were mea- 
sured by strain-type transducers (P23 Physiologic 
Pressure Transducer, Gould-Statham, Oxnard, CA). 
A 14-gauge bleed line was placed into the other com- 
mon carotid artery. All tracings were transcribed on 
a calibrated paper recorder (Grass Medical Instru- 
ments, Inc., Quincy, MA). Anaerobic blood sampling 
was performed in each animal for measurements of 
colloid oncotic pressure (COP) (Wescor, Model 4100, 
Logan, UT), serum electrolyte levels, osmolality, and 
arterial and mixed venous blood gas tensions. The 
blood gas tensions and oxygen saturations were ana- 
lyzed with an IL-1303 blood gas analyzer and IL-282 
co-oximeter, respectively (Instrumentation Labora- 
tory, Inc., Lexington, MA). The COP-PCWP gradient 
and shunt fraction (Qsp/Qt) were calculated. Flush 
solutions contained 5 U of USP beef heparin per mil- 
liliter. 

After baseline measurements, animals were bled 
through the arterial catheter via a roller-pump (Cole- 
Parmer Instrument Co., Chicago, IL) at a rate of 50 
ml/min to produce a mean arterial pressure (MAP) of 
50 mm Hg. This pressure was maintained for 30 min, 
after which measurements were repeated. The ani- 
mals were then infused with hypertonic saline solu- 
tion (3% NaCl: 513 mEq Na, 513 mEq Cl, 1026 mOsm/L) 
ata rate of 500 mi/15 min until two of three parameters 
(CO, PCWP, or MAP) were restored to baseline val- 
ues. Three percent saline solution was then infused 
as needed to keep those parameters at baseline val- 
ues. Data were recorded again at the time of resus- 


citation and 60 min later. All blood gas results were 
temperature corrected (15). Core temperature was 
monéored and, when necessary, controlled via heat 
lamps and blankets. After all data were collected, le- 
thal coses of intravenous potassium chloride and thia- 
myla sodium were administered. Baseline data were 
compared with data from the other time periods by 
an amalysis of variance and, secondarily, Duncan’s 
multgple range test. Statistical significance was des- 
ignated at P < 0.05. All data are presented as mean 


af SOE 


Results 


To induce shock, 16.2 + 3.6 ml/kg of blood was re- 
moved. Throughout the study, pulmonary artery 
pressure did not vary (Table 1). Pulmonary capillary 
wedge pressure, MAP, and CO were significantly be- 
low baseline levels 30 min after blood loss; all but 
MAP returned to baseline values with resuscitation. 
Sixty minutes after resuscitation, MAP was still sig- 
nificantly below baseline values. Extravascular lung 
wate: did not vary throughout the study (Table 2). 
Collcad oncotic pressure was significantly belew base- 
line 2) min after shock and declined even further with 
resuscitation. Values for COP were significantly lower 
after resuscitation than either at baseline or 30 min 
after shock. The COP-PCWP gradient declined dra- 
matically after resuscitation; however, this was due 
to a cecreased COP rather than to an increased PCWP. 
Shunt fraction increased significantly 60 min after re- 
susci ation. Serum sodium and osmolality were sig- 
nificantly greater than baseline values, whereas serum 
potassium was markedly lower than baseline values 
(Table 3). The volume of hypertonic fluid required for 
resuscitation was 39.0 + 19 ml/kg. 


Discussion 

Althcugh the physiology of pulmonary microcircu- 
latior, interstitium, and alveoli is not well under- 
stooc, any discussion of the pulmonary microcircu- 
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Table 2. Effects of Hypertonic Solution on Shock 
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Before shock 


EVLW (ml/kg) ILG = 5:6 
COP (mm Heg) 20.6 + L5 
COP-PCWP gradient 7.4 + 6.0 
Venous admixture (%) 0.9 + 0.6 


Values are means © Sp. 





30 Min a a pe te eal te 
after shock 0 60 Min 
8.8 + 4.1 8.0 * 3.0 99 + 4.6 
16.8 + 1.6* 12.0 Le 11.5 + 2.3%! 
6.64 5.2 Ge Te PA se 6.2" 
qiell 2.1 + 2.4 4il t45 


TENAAAN AAAA AAA RTA e AAAA A paikkaa Aia AnaAAAAAAA AAAA AANGERADEN AANA AAAA AAAA AAAA A TTP 


Abbreviations: EVLW, extravascular lung water; COP, colloid oneotic pressure; PCWP, pulmonary capillary wedge pressure. 
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0.05 compared with before shock. 
«1.05 compared with 30 min after shock. 


Table 3. Effect of Hypertonic Fluid on Serum Values 


after Shock 
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Time after resuscitation 





Bekaf sunam Ge eae 

shock 0 60 Min 
Sodium (mEq/L) PUB 22.3 167.82 92" 1833 15. A 
Potassium (mEq/L) Oe. 2 233) 22°04" 2.6 + or re 
Osmolality 298.3 + 1.4 330.8 + 10.7 352.3 = 21.4°" 


(mOsm/kg H:O) 


“Tbtherrrarnern aren unm Mrarmratire nnani pA iee eaaa aaam mannna hh Amn A Heil paraaan maA e aaa 


19 mi/ky. 
-0.05 Siena with before shock. 
| 0.05 compared with 0 min after resuscitation. 
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lation must, of necessity, begin with Starling's equa- 
tion (11), which describes fluid flux across a semi- 
permeable membrane: 


Or = Ke KPan ~ Ppmv) — 


where Q; is the net transvascular fluid filtration rate, 
Kis the filtration coefficient, Pm, is the microvascular 
hydrostatic pressure, Pn. is the (interstitial) perimi- 
crovascular hydrostatic pressure, mwy is the micro- 
vascular colloid osmotic pressure, pm, is the (inter- 
stitial) perimicrovascular colloid osmotic pressure, and 
g is the protein reflection coefficient, this last being 
the relative permeability of the membrane to protein 
and ranging from 0 (total permeability) to 1 (complete 
impermeability). With such a substantial decrease of 
COP (which approximates 77,,,) and a return of PCWP 
(which approximates Pm) to baseline values as oc- 
curred in our study, resulting in a COP-PCWP gra- 
dient much less than 4 mm Hg after resuscitation, we 
might have expected Q, and, thus, EVLW to increase. 
There are several explanations why this was not so. 
Ò; may indeed have increased, but lung lymph 
flow (ÒD may have increased as well, which would 
have prevented an increase of EVLW (11). The sodium 
content of pulmonary interstitial collagen increases 
substantially during hemorrhagic shock and returns 
to normal after resuscitation (16,17). This mechanism 


of Tm vo Tne) | 


may involve pH-related electrochemical changes that 
increase the availability of sodium and the affinity of 
collagen for the ion (17), which, in turn, may increase 
Ppomy and, thus, by creating a new equilibration of 
forces, oppose fluid movement into the interstitium. 
Also, the increase in pulmonary interstitial collagen 
sodium content may affect the compliance of the pul- 
monary interstitium when pulmonary interstitial water 
increases (18). This compliance change may decrease 
the ratio of gel to sol in the interstitium and, thus, 

may enhance interstitial lung water movement to the 
perihilar area and away from the gas-exchanging por- 
tions of the lung. 

In healthy animals and humans, “edema protec- 
tion factors,” such as pulmonary lymph flow, low 
microvascular barrier liquid conductance (K,), very 
low microvascular barrier protein conductance, plasma 
protein concentration, and perimicrovascular liquid 
pressure (18), act to prevent submassive, acute effects 
from resulting in pulmonary edema. In a compro- 
mised person only minimal perturbations in these 
protective factors could cause clinical pulmonary edema 
or a subclinical increase in EVLW that compromises 
pulmonary function and causes hypoxemia. This may 
be the heart of the COP-PCWP gradient controversy. 

Clinical pulmonary edema has been observed when 
the COP-PCWP gradient has decreased to 4 mm Hg 
or less (19-22). Our study, as well as other studies 
(23-27), suggest that the COP-PCWP gradient may 
only become significant in physiologically compro- 
mised patients (i.e., those with compensated conges- 
tive cardiomyopathy). An acute event such as hem- 
orrhage with crystalloid (either isotonic or hypertonic) 
replacement may result in a COP-PCWP gradient of 
4mm Hg or less and subclinical or clinical pulmonary 
edema. 

The severe electrolyte and osmolality abnormalities 
probably resulted from the rapidity of the infusion; 
using a slower infusion rate (4) or simply changing 
to a less concentrated solution (lactated Ringer's or 
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normal saline solution) when plasma sodium exceeds 
160 mEq/L or plasma osmolality exceeds 340 mOsm/L 
(6) may prevent this. Previous work in our laboratory 
suggests that an isotonic resuscitation fluid will not 
increase EVLW accumulation (26). 

Finally, hypertonic saline may increase myocardial 
contractility (28-30), dilate precapillary vessels, and 
constrict capacitance vessels (3,28). These effects, which 
occur at an osmolality of approximately 385—400 
mOsm/kg, occur both in vitro and in vivo and persist 
after autonomic blockade. It is not clear how much 
model species (sheep vs cat vs dog) might affect these 
data. 

The increase in shunt 60 min after resuscitation 
from shock was most probably due to atelectasis. Fur- 
thermore, the increased cardiac output at that time 
may have increased blood flow through areas of low 
ventilation-to-perfusion ratio and, thus, may have in- 
creased the observed shunt fraction. 

In summary, 3% saline solution effectively restored 
hemodynamic stability in a model of hemorrhagic 
shock. This hypertonic crystalloid solution did not 
appear to increase EVLW or to compromise pulmo- 
nary function, as evidenced by normal Pao, and shunt 
fraction. A concern when using this solution has been 
perturbation of serum electrolytes and osmolality, 
which did occur in our study. However, a slower 
infusion may minimize these adverse effects. Al- 
though some might question the usefulness of hy- 
pertonic saline in usual clinical situations, this solu- 
tion can be used to restore intravascular volume when 
a large volume of more dilute solutions is ill-advised. 
Specifically, several studies (6,8,9) have noted that, 
compared with the use of isotonic solutions, the use 
of hypertonic solutions for burn resuscitation is as- 
sociated with a decrease of total water load and edema, 
which may result in fewer burns progressing from 
partial to full thickness. Thus, in our model, hyper- 
tonic saline compares favorably with an isotonic bal- 
anced saline solution in terms of resuscitation from 
hemorrhagic shock and effects on pulmonary function 
(26). Our data and those of others (6,8,9) suggest that 
hypertonic saline may be useful in selected situations 
and that this type of solution should be carefully con- 
sidered for clinical use. Finally, although animal stud- 
ies are not often directly applicable to humans, in- 
formation gleaned from such studies makes clearer 
the questions that must be addressed in treating hu- 
mans. 


The staff of the Cardiopulmonary Laboratory of the Department 
of Anesthesiology assisted in the study and the editorial staff of 
the Department of Anesthesiology helped prepare the manuscript. 
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on Solvent and Temperature 
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SANCHEZ V. ARTHUR GR, STRICHARTZ GR. 
Fundamental properties of local anesthetics. 1. The 
dependence of lidocaine’s ionization and octanol:butfer 
partitioning on solvent and temperature. Anesth Analg 
1987;66: 159-65. 


The protonation equilibrium and hydrophobic character of 
lidocaine were characterized by its pK, and the octanol:buffer 
partition coefficients of the charged (P*) and neutral (P°) 
drug species. These measurements were accomplished by 
ultraviolet. spectrophotometry of pure lidocaine HCI solu- 
tions at different temperatures, ionic strengths, and buffer 
concentrations. Corroboration of the pK, determination by 
the potentiometric method and of the partition coefficients 
by gas chromatography validated the general application of 
the spectrophotometric technique. The pK, increased with 
decreasing temperature 7.61 + 0.06 at 30°C; 7.94 + 0.04 
at 26°C, in water; mean * sb), increasing tonic strength 
(8.06 + 0.02 at 26°C in 0.165 M NaC) and increasing 
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buffer ecpacity (8.28 + 0.06 at 25°C in 0.15 M NaCl + 
20 mMiguffer). Octanol : buffer partition coefficients for beth 


the protonated and the neutral species (expressed as mole 





fractions) increased upon warming: 0.55 + 0.04 and 


3210 + 272, respectively, at 36°C. lonic strength and buffer 
concentration had no significant effect on either P value. 
The inerease in pK, at lower temperatures coupled with the 
decreased partition coefficients resulted in a nearly constant 
concentsation of the protonated species in octanol as the 
systenraas cooled, whereas the concentration of the neutrel 
species wil by more than 80%. This finding may explam 
the larg» increase in the impulse blocking potency of lidi- 
caine observed upon nerve cooling, if the protonated anes- 
thetic species is fhe more active form of the drug competing 
with the neutral species for a common binding site. 


Key Words: ANESTHETICS, tocat—physical prop- 


erties. 
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Impulse blockade by local anesthetics is mediated by 
drug interactions at the plasma membrane. Experi- 
ments on perfused axons exposed to local anesthetics 
dissolved in extracellular or axoplasmic solutions (1) 
have demonstrated this membrane site of action, and 
revealed that the cationic species of drug applied from 
the cytoplasmic compartment is the more potent form. 
Furthermore, these studies suggest that for some as- 
pects of impulse blockade (“use-dependent” block in 
particular), the binding of drug molecules to sodium 
channels themselves may be an essential step (2,3). 
The general observation that the more hydrophobic 
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local anesthetics are more potent nerve blockers has 
been incorporated quantitatively in biophysical models 
of anesthetic action (4-6). “Hydrophobicities” were 
calculeted in most of these experiments (as oc- 
tanol:water partition coefficients) and the distribution 
of the neutral species of anesthetic alone was corre- 
lated with drug action (4,5,7). However, the high po- 
tency əf both protonated amine local anesthetics (1,8) 
and teir quaternary derivatives (2,9) requires a con- 
sideracion of the concentration of cationic drug mol- 





we heve measured protonation equilibria and parti- 
tion coefficients of local anesthetics in a system of 
aqueaus and immiscible organic solvents. 

Attempts have been made previously to simulate 
biomembranes using a simple solvent system, such 
as octanol or heptane, in water (4,10,11). Parameters 
such as distribution coefficients (Q), defined as the 
ratio at equilibrium of the concentration of total an- 
esthetic in the organic phase ([L,]) to the concentra- 
tion cf total anesthetic in the aqueous phase ([L,]) 
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have been used to quantitate hydrophobicity (7,12). 
Factors not addressed by these studies are the inter- 
actions of the solvents used, utilization of conditions 
similar to those of physiologic experiments, and the 
use of different techniques to confirm the data 
produced. In the present study we have examined 
the influence of ionic strength, buffer capacity and 
temperature on local anesthetic distribution. 

Furthermore, our results are expressed as partition 
coefficients (P.), a more useful, selective measure than 
distribution coefficients. Defined as the ratio, at equi- 
librium, of the concentration of the individual species 
(neutral or charged) between the organic solvent and 
aqueous phase (P° or P `, respectively), partition coef- 
ficients provide information on the hydrophobic na- 
ture of the separate species and their potential for 
interactions within various regions of bilayer mem- 
branes. 

In this study we have three goals: 1) to establish a 
new method for deriving partition coefficients; 2) to 
offer plausible explanations for variations in previ- 
ously measured and theoretically calculated partition 
values; and 3), by using lidocaine as our model local 
anesthetic, to define some factors that affect these 
partition values. 


Materials and Methods 
Determination of pK, 


A modification of the spectrophotometric method de- 
scribed by Albert and Serjeant (13) was used to mea- 
sure the stoichiometric pK, of lidocaine. A buffered 
aqueous solution saturated with octanol, containing 
10 mM lidocaine, was adjusted to pH 4 or 11 using 
IN HCI or IN NaOH, respectively. The respective 
absorbances were then measured at 271.0 nm, and 
designated as A, and Ax. A series of absorbances (As) 
measured at intermediate pH values were then used 
in the equivalent Henderson—Hasselbach equation for 
determination of the stoichiometric pKa: 








. As 4 An oy 
{ = , + log — 1) 
pH pKa + log A, Ac (1 


Using the same technique, pK, determinations were 
performed in solutions of differing temperature, ionic 
strength, and buffering capacity. 

The technique of Leeson and Brown was used to 
measure potentiometrically the pK, of two solutions 
for comparison with spectrophotometrically deter- 
mined values (14). This technique involves a nonlog- 
arithmic analysis of the relationship between the 
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amount of titrant added and its corresponding pH 
value. 


Determination of Q Values 


Distribution coefficients were determined using three 
different analytical techniques: spectrophotometric, 
gas chromatographic, and liquid scintillation spec- 
trometry of radiolabelled anesthetic. Lidocaine (10 mM) 
was dissolved in standard aqueous medium (SAM, 
see Reagents and Solutions) at low pH, saturated with 
octanol, and the initial lidocaine concentration (Lla 
was measured by one of the above three methods. 
An equal volume of octanol (previously equilibrated 
with SAM) was mixed with the aqueous solution for 
5 min and the phases allowed to separate for 15 min. 
The pH of the aqueous phase was then measured. 
After the removal of 1-ml samples from each phase, 
the lidocaine concentration of only the aqueous phase 
({L]..,) was measured. The Q value was then calcu- 
lated using the following equation: 

O A [Eha — [L]ag (2) 

[L]a j 


In several experiments the lidocaine concentration in 
the octanol phase was also measured directly by spec- 
trophotometric and liquid scintillation methods and 
showed no difference from the quantity [L] — [bse 

The aqueous octanol mixture was titrated progres- 
sively with 10N NaOH and Q values determined at 
different pH values. These data were subsequently 
used to calculate P” and P* (see Results for the method 
used). In one set of experiments the pH was reaci- 
dified from 6 to 4 with 6N HCl, with no difference 
between the initial and final Q values measured at 
the lower pH, indicating that irreversible changes in 
this parameter did not occur during the normal titra- 
tion procedure. Distribution coefficients also were de- 
termined at two different temperatures, 26° and 36°C, 
and over a range of ionic strengths and buffering ca- 
pacities. 


Density Measurements 


Densities (D) of both phases were determined gra- 
vimetrically. A stoppered 1-ml volumetric flask was 
dried and initially weighed on a Mettler balance 
(+ 0.00005 g). Separate 1-ml solutions of aqueous and 
organic phases, free of local anesthetics but equili- 
brated with each other, were then weighed at the 
relevant temperatures. Partition coefficients, ex- 
pressed as the ratio of mole fractions (Pm), were cal- 


IONIZATION AND PARTITIONING OF LIDOCAINE 


Figure 1. One typical spectrophotometric titration 
curve, Absorbance of a buffered solution of lido- 
caine, at 271 nm was measured at pH 4 to give A, 
the endpoint for the ionized form, and at pH 1] 

to give Ax, the endpoint of the neutral form. Ab- 
sorbances at intermediate pH valves, As, were 
subtracted from these endpoint values to yield the 
ratio of ionized to neutral drug, the logis of which 
is here plotted as the abscissa. The straight line, 
fit to the points by linear least-squares regression 
analysis, intercepts the pH scale at the pK,. The 
slope of the line, 1.04, indicates that a single pro- 
ton is titrating this absorbance change. T = 25°C. 702 


culated from the relative phase densities and the cal- 
culated values of partition coefficients expressed as 
concentrations (Pe): 


p 253: p x D, yuenHs x M W cetar (3) 
Wie Fle x 
D ovtariol MW Fix? 


Reagents and Solutions 


Reagents. Lidocaine HCI was a gift from Astra Phar- 
maceutical Corporation (Worcester, MA). '"C-Labeled 
lidocaine (specific activity, 58.9 mC/mmol) was pur- 
chased from New England Nuclear Corporation (Bos- 
ton, MA) and used within two months of synthesis. 
The l-octanol (Fisher Certified 99.93% pure grade) 
was obtained from Fisher Scientific Company, Inc. 
(Fairlawn, NJ). The water was deionized using an ion- 
exchange system from Continental Deionized Water 
Service (Boston, MA). 

Solutions. The standard aqueous medium (SAM) 
consisted of 150 mM NaCl, 5 mM MES (2-(N-mor- 
pholino)ethanesulfonic acid), 5 mM MOPS (mor- 
pholinopropane sulfonic acid), and 5 mM CAPS 
((3-cyclohexylamino)-propane sulfonic acid) in water. 
Together these buffers provided a relatively constant 
buffering capacity from pH 5 to pH 11. Deionized 
water was saturated with octanol by mixing 25 ml of 
SAM and | ml of octanol for 10 min, then centrifuging 
the mixture at 900 x g for 20 min to separate the 
organic and aqueous phases. This procedure was per- 
formed at the same temperature at which experimen- 
tal measures of pK, and Q were to be made. The 
octanol used for the determination of Q and pK, val- 
ues was saturated with SAM using the same tech- 
nique. The aqueous media used in the determination 


oo 
H 
i 


E AN. AL G 161 


i 


8 - 5 a 
8.3 + 






B14 
7.9 - : 

ee a EER as | a A atl Bt aa ae (ee eee nae eee eee oe 

A Q +OI Ore OD 
log Ar” As 

iO 

A,- Ay 

of pk.’s were also saturated with octanol unless oth- 


erwise stated. 


Analytic Techniques 


pH Determination. The pH was measured by an 
Oriom Research Model 701A Digital lonilizer using an 

g/AgCl combination glass electrode (Cole-Parmer, 
Chicago, IL). The electrode was calibrated against ref- 
erence solutions covering the narrowest pH range of 
interest, with drifts of measured pH being less than 
+0.1 pH unit over a 1 hr period. All solutions were 
maintained at the desired temperature by a metal 
heating block (Reacti-Vap, Pierce Chemical Company, 
Rockford, IL). 

Spectrophotometry. Absorbances of anesthetic so- 
lutions were measured with a Gilford Response UV- 
Vis Soectrophotometer (Gilford Instrument Labora- 
tories, Inc., Overton, CA). Ultraviolet absorbance 
spectra of lidocaine HCI in SAM saturated with oc- 
tanol, using matched quartz cuvettes, showed the fol- 
lowimg parameters: wavelength of maximum absor- 
bance, 271.0 nm; e(pH 4, ee 0. nes cm mM [; 
e(pH 11, 25°C) = 0.243 cm 'mM '!. The molar ab- 
sorpirvity of lidocaine at 271 nm in octanol was the 
same as that in SAM at pH 11. Sealed solutions were 
incubated for a minimum period of 18 hr before spec- 
trophotometric measurements of Q in order to ensure 
equilorium and permit the escape of any microscopic 
bubbles. 

Determinations of both pK, and Q values were per- 
formed using a double-walled, temperature con- 
trolled, 50-mI Reacti-Vial (Pierce Chemical Co., Rock- 
ford, iL) with an internal magnetic stirrer. Temperature 
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Table 1. pK, of Lidocaine at Different lonic Strength and Temperature 
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lonic ; 
Temperat a PK, 
Temperature strength ee E SAE OE eee TE eS E 
Solution CC) (M) opectrophotometric Potentiometric 
Water 26 0.05 7.94 + QOF (n = 5) 7.92 + 0.03 (n = 5) 
36 pas tae ee 7.72, 7.36 
165 mM NaCl 26 0.170 8.06 + 0.02 {n = 4) 8.09 + 0.02 (n = 4) 
150 mM NaCl + 5 mM buffers” 26005; 0.187 8.14 + 0.04 {n = 3) a 
[50 mM NaCl + 25 0.195 8.19 + 0.03 (1 = 10) sk 
15 mM buffers (SAM) 36 end 7.77 = 0.04 {7 = 10) — 
150 mM NaCl + 20 mM buffers 25 =). 205 8.28 + 0.06 (n = 3) — 
“Mean * sp; the number of experiments is in parentheses. 


"Buffers consist of 5 mM MES, 5 mM CAPS, and 5 mM MOPS. 
‘Both values where only two measurements were made. 


was maintained using a water heating circulator (B. 
Brown Thermomix, Model 1420) and measured by a 
Model 42 SC Tele-Thermometer (Yellow Springs In- 
struments, Yellow Springs, OH). 

Gas Chromatography. Gas chromatographic analysis 
was performed by means of a technique similar to 
that described by Tucker (15). Samples were diluted 
with distilled water to concentrations within the range 
of the assay (0.1-5.0 ug/ml). Measured concentrations 


laboratory is typically <5% at 1.0 ug/ml. 

Liquid Scintillation. Aliquots of the organic and 
aqueous phases (0.1 ml each) were removed after 
equilibration and separation and added to 5 mi! of 
scintillation cocktail (Aquasol 2, New England Nu- 
clear, Boston, MA). Both solvents were miscible with 
this cocktail, which counted at about 80% efficiency 


(C) in a Beckman LS-6800 liquid scintillation counter. 


Results 


The ionization constant (pK,) and octanol:buffer dis- 
tribution coefficient (Q) for lidocaine were determined 
under a variety of conditions, and from these mea- 
sured parameters the partition coefficients of charged 
and neutral species of the anesthetic were calculated. 

Figure 1 is a typical titration curve showing the 
relationship between pH and the log of the ratio of 
absorbances of neutral and charged species of lido- 
caine. The data were well fit by a straight line; the 
stoichiometric pK,, by definition, equals the pH at 
which the ratio of concentrations of neutral to charged 
species is unity. Using the same analysis, we deter- 
mined lidocaine’s pK, in aqueous media at different 
ionic strengths and temperatures (see Table 1). An 
increase of temperature produced a significant de- 


crease in pKa, reflecting an increase in the effective 
proton dissociation constant, in agreement with the 
findings of Kamaya et al. (16). On the other hand, an 
increase in ionic strength increased the pK,, and thereby 
elevated the concentration of the charged form at the 
expense of the neutral form. As the buffer concen- 
tration was raised, the pK, also increased. The pK, 
of lidocaine in octanol-saturated media did not differ 
from that in octanol-free media. 

Comparison of these results with those obtained 
potentiometrically (Table 1) indicates no statistically 
significant difference between results from the two 
methods. This comparison confirms that spectropho- 
tometric analysis can yield accurate and precise mea- 
sures of pK,, and spectrophotometric analysis has the 
added advantage of permitting the measurement of 
drug dissociation constants in buffered solutions. 

The relationship between the measured oc- 
tanol: buffer distribution coefficient (Q) and pH, as 
determined by the three analytical techniques used, 
is illustrated in Figure 2. Because the sensitivity of the 
spectrophotometric technique is limited by the aqueous 
concentration of the drug, which in turn depends on 
its solubility and pK,, reliable Q measurements using 
spectrophotometry were confined to pH values below 
6. Q values determined during back-titration with HCI 
showed no difference from values obtained during 
the initial titration with NaOH, demonstrating the 
chemical stability of the drug and the lack of effect of 
ions added during the titration. 

Distribution of an ionizable compound between 
aqueous and organic phases reflects the extent of ion- 
ization and the relative partitioning of neutral and 
ionized species. The relationship between Q and pH 
can be mathematically derived: 

Lee + [L f Jorg 


Q ft + [L lag 


IONIZATION AND PARTITIONING OF LIDOCAINE 
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Figure 2. The ratio of lidocaine concentrations in octanol and buffer 
(SAM), Q, determined by spectrophotometry (@), gas chromatog- 
raphy (©) and liquid scintillation aomen of radiolabelled 

‘lidocaine’ (Y), over a range of pH values. T = 25°C. See the text 
a details of the methodology. The solid line is a graph of Equation 

8 (see Results) with the 8 value determined from experiments like 
that in Figure 1 and the P, values determined from fits to the 
linearized data, as shawn in Figure 3. 


where [L"].., and [L°],, are the concentrations of the 

neutral species in the organic and aqueous phases, 

respectively, and [L‘].,, and [L‘],, are the corre- 

sponding concentrations of the charged species. 
Because 


Pe TE en ag and 
p? == [L* Gees lags 


(5,6) 


Q = ——_—. (7) 
Eka 


Defining the aqueous ionization ratio, B, by B = 
TopKke’ PH = [EL *],4/[L°]ag simplifies equation 7 to: 
P+ pP’ | 
Ce (8) 
1+ B 
Equation 8 describes Q as a function of three vari- 
ables: B, P°, and P*. Once the pK, has been deter- 
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mined, B can be calculated as a function of pH. / 
grapt of Q(1 + B) vs $ should be linear; the th 
and ¥ intercept equal P* and P°, respectively. Such 
an aralysis, applied to the data of Figure 2, is illus- 
tratec in Figure 3. The predicted linear behavior of 
Equa ion 8 is evident, and it is thus possible to cal- 
culate P“ and P’ values by analyzing AQ over a nar- 
row DH range. That these partition coefficients are 
constant over a much wider pH range is shown by 
the solid curve in Figure 2, a graph of Q calculated 
from Equation 8 and plotted against pH. Distribution 
coefficients measured by the more sensitive technique 
of ga. chromatography agree well with the predicted 
beha7ior at 6 pH units higher than the measured spec- 
tropmotometric values (Fig. 2). In contrast, the results 
obtained by liquid scintillation of commercially avail- 
able :adiolabeled lidocaine (Fig. 2) do not agree with 
eithe~ of the other two measurements at pH values 
greater than 7. 

The partition coefficients defined in Equations 5 
and and calculated by the method just described 
comgare the concentrations of anesthetic (in mol/L) 
in twa immiscible phases, a parameter we designate 
as Po Another mode of comparison instead relates 
the mole fraction (mole solute/total moles) of anes- 
thetie in each phase, and is designated Pa. Pm was 
calcumated from P, values using Equation 3 (see Meth- 
ods) along with the densities of the different phases 
measaired at the relevant temperatures. The density 
measurements of the reciprocally equilibrated phases 
at different temperatures are (in g/ml): SAM oe = 
1.0021 + 0.0008; SAM (37°C) = 0.9981 0.0003; 
octarol (22°C) = 0.8264 + 0.0003; octanol Gro = 
0.81 + 0.0005. The two forms of the partition coef- 
ficierts are listed in Table 2, which also reports the 
ia rature Do oi these o ee 





tion peck en of the neutral form by about 20% and 
that of the charged form by 50%. 


Discussion 


The »rocedures described in this article allow one to 
idenäfy the important factors controlling distribution 
coefacients of local anesthetics. The variables of Equa- 
tion 3, partitioning of individual species and the de- 
greewf ionization, are functions of temperature, ionic 
strergth, and buffer behavior. Furthermore, the choice 
of czganic solvent greatly influences the overall dis- 
een of epee pelwern the two Par: ve 





eae do wal delne these aay eee anid ana are 
derived from theoretical considerations alone. 
Tae octanol:buffer distribution coefficient may be 
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Figure 3. A graph of the linearized distribution 
data, as defined by equation 8. Spectrophotome- 
tric determinations of the distribution coefficient 
(Q) were made at each pH (means + SEM shown 
by the error bars; n = 3) and plotted against the 
ionization ratio, B, calculated from the pH mea- 
sured in this experiment and the average pK, from 
five independent separate titrations. The pH ranged 
from 4 to 6, T = 25°C, and the buffer was SAM. 
The straight line, fit to the unweighted means by 
linear least- “squares regression, has a y-axis inter- 
cept of 304 (=P.") And a slope of 0.063 (=P), 
with a correlation coefficient closely approaching 


300 1 ENEE NEEN PERAE, Lee, eee aa unity. 


more physiologically pertinent than octanol:water 

values because buffers are reactants in the normal 
ionization of local anesthetics. The actual distribution 
of drugs into membranes in vivo occurs from strongly 
buffered solutions of 0.1-0.2 M ionic strength. Mea- 
sured in a similarly defined aqueous environment, 
the distribution coefficients include the effect of tem- 
perature and ionic strength on the buffers as well as 
on the local anesthetic alone. In the present experi- 
ments we chose a series of “Good” zwitterionic buff- 
ers (17) with pK, values that provided a relatively 
constant buffering capacity throughout the pH range 
used, and that have minimum temperature depen- 
dences. The normal endogenous buffers a g., bicar- 
bonate-CO:, ATP, proteins, and lipids) will have dif- 
ferent temperature and ionic strength dependences 
than those of “Good” buffers, and thus, different ef- 
fects on the overall ionization of the anesthetic mol- 
ecules in different aqueous and membranous com- 
partments of the cell. 

Itis worthwhile to note here the difference between 
the true “thermodynamic” proton dissociation con- 
stant of local anesthetics and the “stoichiometric” value 
reported here. Our measurement represents the ratio 
of concentrations of ionized and free base forms, 
whereas the thermodynamic value explicitly involves 
the activity coefficients of these species (13). The ex- 
pected differences between the two pK,’s will be small 
for solutions of low ionic strength (<0.01 M), but will 
grow with increasing ionic strength in a manner de- 
pendent on the radius of the protonated molecule, as 
described by the expanded Debye~Huckel theory (18). 
We will address this phenomenon in a subsequent 
paper. 


According to the tabulations of Hansch and Leo 
(19,20), the partition coefficient of neutral lidocaine 
(P°) in an octanol/water system is 190, considerably 
lower than the value of 300 reported here for 25°C. 
However, Broughton et al. (7) reported a P® value of 
268 using HPLC, in agreement with our result, and 
with the value of 280 reported in the original descrip- 
tion by Lofgren (21). 

In this study, the distribution coefficients obtained 
by liquid scintillation spectrometry of C-labeled lid- 
ocaine were significantly different from those found 
by other methods. The dependence of Q on pH also 
departed from the theoretically predicted behavior, 
as Q values actually decreased at pH values greater 
than pH 8.5 (Figure 1). However, Ueda et al. reported 
very similar values derived by the same technique 
(10,22). We believe these results to be artifactual for 
the following two reasons: 1) the results cannot be 
duplicated by other methods; and 2) the behavior of 
Q vs pH is not thermodynamically consistent. Thus, 
the anomalous behavior may be due to radioactive 
impurities. Minor impurities may have major conse- 
quences, depending on their partitioning behavior 
compared to the drug under investigation. For ex- 
ample, substitution into Equation 7 shows that a 1% 
impurity (of a nonionizable substance) having a par- 
tition coefficient of P, 0.1 will reduce the distri- 
bution coefficient at the pK, by almost threefold. 

Although the distribution coefficient represents the 
overall uptake of drug, the partition coefficient de- 
termines the contribution made by each species. As 
the temperature is decreased from 37°C to 26°C, the 
distribution coefficient as well as the partition coef- 
ficient of the neutral form decreases slightly, whereas 
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Table 2. Temperature Dependence of Octanol:Buffer Partition Coefficients of Lidocaine 











p i pe 

Temperature (C) r yA Po Fa 
25 (n = 3) 0.063 + 0.005 0.55 + 0.04 304 + : 2666 + 202 
36 (i = = 3) 0.085 + 0.010 0.75 + 0.0¢ 366 + 31 3210 + 272 





Abbreviations: P’, 


coefficient as ratto of concentauon (moles solute/liter solution); Pa, partition coefficient a 


the partition coefficient of the charged species, P}, 
falls by a third (Table 2). The pK, of lidocaine in this 
buffer system rises with the fall in temperature (Table 
1). The net effect of cooling, contributed to by changes 
in both ionization and partitioning, is to decrease the 
concentration of the charged species in the hydro- 
phobic phase by 10% while reducing that of the neu- 
tral species by 60%. Direct measurement of the lid- 
ocaine content of mammalian sciatic nerve shows a 
reduction in total anesthetic uptake with decreasing 
temperature (a 45% decrease from 37 to 20°C), al- 
though the effect of lidocaine in blocking nerve im- 
pulses, both in vitro and in vivo, is potentiated by 
cooling (12,23,24). Such correspondences are consist- 
ent with the relatively greater affinity of the proton- 
ated species of 3°-amine anesthetics over that of the 
competing neutral species for a common site of action 
on the neuronal sodium channel (8,25,26). 


We thank Ms. Shilpa Shah for technical assistance with gas chro- 
matography and Ms. Bonnie Brugger for typing the manuscript. 
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We determined the heart rate (HR) response to enflurane, 
halothane, and isoflurane and the effects of narcotics on this 
response in 81 healthy patients scheduled for elective sur- 
gery. Patients were randomly assigned to one of six treat- 
ment groups: one of the three anesthetics (approximately 
0.9 MAC) in 60% nitrous oxide, and either 0.15 mgikg of 
intramuscular morphine 30-60 min before induction or 1 
ugiky of IV fentanyl 10 min after skin incision, All patients 
received diazepam, 10 mg orally, 60-90 min before anes- 
thesia, a rapid sequence intravenous induction, and me- 
chanically controlled ventilation. During inhalational anes- 
thesia and the first 10 min of surgery, no significant change 
in HR occurred in any group (compared to the preinduction 
HR), although patients given morphine premedication tended 
to have a decreased HR and those not given morphine pre- 
medication tended to have an increased HR. These trends 
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partially account for significant differences that emerged 
between groups after induction of anesthesia. Patients given 
morphine premedication and halothane had lower HR 
(64 + 3 SEM) than patients given isoflurane (80 + 3} or 
enflurane (84 + 3) and no morphine premedication. Pa- 
tients anesthetized with enflurane and morphine premedi- 
cation had lower HR (71 + 3) than patients given enflurane 
without morphine premedication. Administration of fen- 
tanyl 10 min after incision (these patients had received no 
morphine) significantly decreased HR in the presence of any 
of the vapors. We conclude that inhalational anesthetics used 
in the clinical setting we employed do not significantly in- 
crease heart rate, and that prior administration of morphine 
or concurrent administration of fentanyl may significantly 
decrease HR, 


Key Words: ANESTHETICS, vo_aniLte—enflurane, 
halothane, isoflurane. 
morphine. HEART—pulse rate. 








In young healthy volunteers not subjected to surgery, 
enflurane (1) and isoflurane (2) increase heart rate 
(HR) 20-40%, whereas halothane does not increase 
HR (3). All three anesthetics decrease mean arterial 
pressure by 30-50% (1-3). Because increased HR and 
low blood pressure can cause myocardial ischemia, 
not all surgical patients will tolerate the hemodynamic 
alterations reported for enflurane and isoflurane. 
However, we have observed smaller increases in HR 
in adult surgical patients anesthetized with enflurane 
or isoflurane at our medical center than were reported 
to occur in volunteers. In addition, we have observed 
decreases in HR when a narcotic agent is used pre- 
operatively or intraoperatively during anesthesia 
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with any of the three anesthetics. To test these clinical 
observations, we compared the effects of the three 
anesthetics on HR, and determined whether pre- 
medication, including morphine or intraoperative 
administration of fentanyl, altered either HR or blood 
pressure response to these agents. 


Methods 


After approval by our Committee on Human Re- 
search, and informed consent from patients, we stud- 
ied 81 healthy (physical status ASA I or If adults 
scheduled for elective surgery. We selected patients 
who would remain in the supine or lithotomy position 
for surgery, excluding any patient requiring a pro- 
cedure involving the brain, chest cavity, or aorta. We 
also excluded patients chronically treated with nar- 
cotics, B-blockers, or anticholinergic agents. 

All patients were given oral diazepam, 10 mg 60-90 
min before induction of anesthesia. Initially, each pa- 
tient was assigned by means of a random number 
table to one of nine treatment groups: 1) one of the 


NARCOTIC EFFECT ON HEART RATE 


Table 1. Summary of Preanesthetic Data 


ASA 

Age Weight physical 

Group H (yr) (kg) status 
HAL F 9 39 + 3 67-23 1.3 
ENF F 12 45 + 4 65 + 4 ee: 
ISO F 17 39 + 4 68 + 4 1.3 
HAL MS 14 39 + 3 69-23 1.1 
ENF MS 15 41 #4 65 +5 1.1 
ISO MS l4 42 43 69 + 4 Da 
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Preinduction Preinduction 
WardHR WardMAP HR MAP 
(beats/min: (mm Hg) (beats/min) (mm Hg) 
72. 3 82+ 3 7+ 4 90° =. 3 
81+ 3 94 + 3 S80 + 5 OF z 3 
Ff & SD 89 + 3 77 23 94 + 4 
Ti 2 91 + 4 70+ 4 92 + 3 
79 + 2 89 + 2 80 + 4 94 + 2 
S80 = 3 87 + 3 78 +4 97 4 





Values are given as the mean = SEM. 


Abbreviations: HR, heart rate; MAP, mean arterial pressure; HAL, halothane; ENF,-enflurane: ISO, isoflurane; F, groups given fentanyl, LO ag/kg IV, 
10 min after skin incision; MS, groups given morphine sulfate, 0.1 mg/kg intramuscularis,, 30-60 min before induction of anesthesia. 


three inhalational anesthetics and morphine, 0.15 
mg/kg intramuscularly, 30-60 min before induction 
of anesthesia; 2) one of the three anesthetics and mor- 
phine, 0.1 mg/kg IV, 10 min after skin incision; or 3) 
one of the three anesthetics and fentanyl, 1.0 ug/kg 
IV, 10 min after skin incision. We selected 0.15 mg/kg 
of morphine for premedication and 1 pg/kg of fen- 
tanyl intraoperatively because we commonly use these 
doses in our practice. The intraoperative dose of mor- 
phine (0.1 mg/kg) was selected as the approximate 
equivalent of the fentanyl dose. We selected 10 min 
after incision as the moment for administration of the 
intraoperative narcotic because we assumed this would 
be a period of fairly stable surgical stimulation. 
Prior to anesthesia, electrocardiographic (ECG) 
monitoring was established in each patient, and any 


the anesthesiologist decided that the patient required 
additional fluid. In all cases, the amount of fluid ad- 
ministered was recorded. An automated blood pres- 
sure and heart rate monitor (Dinamap model 845 by 
Critikon, Tampa, FL) was placed on the arm without 
the catheter and set to cycle and record (Dinamap’ 
model 950) each minute for the duration of the study. 

Once three successive readings of HR and mean 
arterial pressure (MAP) varied less than 10%, 100% 
oxygen was delivered by face mask and 3 mg of 
d-tubocurarine were injected intravenously. Three 
minutes later, each patient was given thiopental, 4 
mg/kg, and succinylcholine, 1.5 mg/kg. Immediately 
after the onset of muscle relaxation, the trachea was 
intubated. Ventilation was then controlled to main- 
tain end-tidal CO, between 28-32 mm Hg. Inspired 
concentrations of inhalation anesthetic were sufficient 
to achieve (within 5 min of intubation) and maintain 
an end-tidal concentration of 60% N20 and the pre- 
determined concentration of vapor: 0.7% halothane, 


of the vapors and gases were measured by mass spec- 
trometry. 

Wren one of the first two patients given 0.1 mg/kg 
morpihine intraoperatively became hypotensive (MAP 
< 50 mm Hg), we interrupted the study. Because the 
hypctensive effects of morphine are dose-dependent, 
we halved the intraoperative dose. Despite this re- 
ducticn, two of the next eight patients given the 
reduced dose became hypotensive. Although none 
devetoped perioperative complications related to 
hypcetension, we decided to eliminate from the study 
the three groups given morphine intravenouslv. Thus 
only six treatment groups remained: those given one 
of the three vapors and morphine, 0.15 mg/kg intra- 
muscularly, 30-60 min before induction; and those 
given one of the vapors and fentanyl, 1.0 ug/kg IV, 
10 min after incision. 

Heart rate and mean arterial pressure were ana- 
lyzec at seven intervals during the study: 1) ward, 
the means of the first measurements taken on ad- 
mission and the last taken before leaving the ward 
for the operating room; 2) preinduction, the means 
of the three measurements taken immediately before 
administration of d-tubocurarine; 3) postinduction, the 
means of values obtained at 14 and 15 min after in- 
tubation and before incision; 4) postincision 5, the 
means of values obtained at 4 and 5 min after incision; 
5) postincision 10; 6) postincision 15; and 7) postin- 
cisiom 20 (the last three are the means of values ob- 















with postincision 20 measurements. Because the HR 


and XIAP were recorded each minute, we identified 
the minimum and maximum value of these variables 
in each of the intervals. Except during the few minutes 
before and after intubation (when the inhalational an- 
esthetics were either absent or at minimal concentra- 
tions% the minimum and maximum values were usu- 
ally the same as the values obtained at the moments 
defined above. Therefore, we present only the data 
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Table 2. Summary of Intraoperative Treatments and Values 
Fluid 

Anesthetic depth CO, administration Temperature 
Group n (%) (mm Hg) (ml) CC) 
HAL F 9 0.70 + 0.01 32 + 1 686 + 51 36.1 + 0.1 
ENF F 12 1.51 + 0.02 32+ 1 817 + 32 35.5 + 0.2 
ISO F 17 1.00 + 0.02 30 + 1 836 + 48 35.5 + 0.3 
HAL MS 14 0.72 + 0.01 30 + 1 677 + 52 35.7 + 0.2 
ENF MS 15 1.52 + 0.02 32 + 1 772 + 61 36.3 + 0.2 
ISO MS 14 1.00 + 0.02 29+ 1 969 + 138 35.9 + 0.2 


Values are mean + SEM 


Abbreviations: HAL, halothane; ENF, enflurane; ISO, isoflurane; F, groups given fentanyl, 1.0 ug/kg IV, 10 min after skin incision; MS, groups given 


0.1 mg/kg intramuscularly, 30-60 min before induction of anesthesia 


obtained at the times specifically given above. T2m- 
perature was monitored in all patients and no other 
drugs given except antibiotics or succinylcholine. 20 
mg bolus, (always given 4 min before any measure- 
ment interval and only at the request for additional 
relaxation). 

Within each group, changes in HR and MAP dur- 
ing the study were assessed by repeated measures 
analysis of variance. When this analysis indicated a 
significant change, muiltiple unpaired t-tests were used 
to identify the interval(s) where HR or MAP aad 
changed from preinduction values. Between groups 
at each interval, data were compared by analysis of 
variance, and when this analysis indicated a signifi- 
cant difference, multiple t-tests were used to identify 
the differing groups. In the fentanyl groups, patients 
received no narcotic until 10 min after the star: of 
surgery. Thus, data gathered from these patients be- 
fore fentanyl administration indicate the respons? to 
induction of anesthesia and the start of surgery in the 
absence of any narcotic. For all statistical tests, a 
P-value of less than 0.05 was assumed to indicate 
significance, except where adjusted by the Bonferroni 
correction for multiple comparisons. Values in the text 
and figures are given as the mean + SEM. 


Results 


Patients in the six groups were comparable in ege, 
weight, ASA status, and ward and preinduction HR 
and MAP (Table 1). Immediately before induction, the 
three groups premedicated with diazepam alone had 
HR and MAP readings comparable to those in the 
groups premedicated with both diazepam and mor- 
phine (Table 1). Intraoperative management of fluid 
administration, anesthetic depth, temperature, and 
ventilation were also comparable (Table 2). 
Induction of anesthesia and the first 10 min of sur- 
gery did not significantly alter HR in individual grops 
(Figs. 1 and 2). In the next (final) 10 min of the study, 
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Figure 1. The mean and SEM of HR in each study group are plotted 
for each interval. All patients in the three groups were premedi- 
cated with both oral diazepam and IM morphine. No statistically 
significant changes in HR occurred. 


HR decreased significantly in the patients given in- 
travenous fentanyl (Fig. 2) but did not change in the 
patients in the other three groups (Fig. 1). 

Comparisons of HR among groups at each interval 
revealed three significant differences, all at the post- 
induction interval. After premedication with mor- 
phine, halothane anesthesia lowered HR (64 + 3) 
relative to isoflurane (80 + 3) or enflurane (84 + 3) 
anesthesia without narcotic premedication. Heart rate 
in patients given enflurane and premedicated with 
morphine was also lower (71 + 3) than HR in patients 
given enflurane without narcotic premedication 
(84 + 3). 

After induction, all six anesthetic combinations de- 
creased MAP (Figs. 3 and 4). MAP increased slightly 
with surgery. Intravenous administration of fentanyl 
decreased MAP in patients anesthestized with halo- 
thane or isoflurane (Fig. 4). Patients given morphine 


NARCOTIC EFFECT ON HEART RATE 
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Figure 2. The mean and SEM of HR in each study group are plotted 
for each interval. All patients in the three groups were premedi- 
cated with oral diazepam (no narcotic) and were given IV fentanyl 
after 10 min of surgery. Statistically significant changes in HR fol- 
lowed administration of IV fentanyl with all three inhalational an- 
esthetics. 
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Figure 3. The mean and SEM of the MAP tn each study group are 
plotted for each interval. All patients in the three groups were 
premedicated with oral diazepam and IM morphine. Statistically 
significant decreases in MAP occurred after induction with all three 
inhalational anesthetics. 


preoperatively did not receive fentanyl! and demon- 
strated no significant change in MAP after the onset 
of surgery (Fig. 3). 

Comparisons of MAP of all groups at each interval 
revealed significant differences at two intervals. At 
both 5 and 10 min after incision, MAP in patients 
premedicated with morphine and anesthetized with 
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Figure 4. The mean and SEM of MAP in each study group are 
plottec for each interval. All patients in the three groups were 
premecicated with oral diazepam (no morphine) and given IV fen- 
tanyl after 10 min of surgery. Induction of anesthesia resulted in 
a sign@icant decrease in MAP in all treatment groups. Adminis- 
tration.of IV fentanyl significantly decreased MAP in patients anes- 
thetized with halothane and isoflurane. 


enflurane was lower than MAP in patients given iso- 
flurane after premedication with diazepam alone (67 
+ 3end 67 + 3 vs 87 + 4 and 88 + 4). 


Discussion 


In contrast with results in volunteers, our patients 
giver 0.9 MAC enflurane and isoflurane after diaze- 
pam premedication and induction with thiopental had 
no increase in HR. Several factors may explain this 
difference. First, our patients were two decades older 
than the volunteers. The multicenter clinical evalua- 
tion cf isoflurane documents decreasing pulse lability 
with increasing age; after induction of anesthesia, HR 
increases averaged 2.2 beats/min in patients younger 
than 40 years of age but less than 1.0 beats/min in 
patients over the age of 40 (4). Second, our patients 
had kigher preinduction HR than did the volunteers. 
The multicenter study found that heart rate changes 
associated with anesthesia were inversely related to 
the keart rate previous to anesthesia. A third and 
apparent difference is that our patients were given 
anesthetic adjuvants including diazepam, thiopental, 
and ritrous oxide in all cases. We specifically avoided 
factors which might have produced tachycardia, such 
as hwpercarbia, hypovolemia, the administration of 
pancuronium, or inadequate anesthesia. 

Our hypothesis that the intraoperative use of fen- 
tanyl decreases HR during inhalational anesthesia was 
confirmed by our within-group analysis (repeated 
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measures analysis of variance); 1 wg/kg intravenous 
fentanyl significantly decreased HR regardless of the 
inhalational anesthetic used. The effects of preme- 
dication with morphine on HR are more difficul= to 
interpret. No significant change in HR occurrec in 
any of the groups given morphine. However, for pa- 
tients who received enflurane and isoflurane, the ten- 
dency to increase HR without morphine premedica- 
tion but decrease HR with morphine premedication 
(compare Fig. 1 to Fig. 2) suggests that morphine 
premedication decreases HR during anesthesia and 
surgery. Our between-groups analysis (analysis of 
variance) provides further evidence for the validity of 
this suggestion; at the postinduction interval in pa- 
tients receiving enflurane, HR was lower if preme- 
dication included morphine than when premed-ca- 
tion was with diazepam alone. Heart ‘rate tendec to 
decrease when halothane was given with or without 
premedication with morphine. We found a significant 
difference in HR between inhalational anesthetic groups 
only when morphine and halothane were combined. 
At the postinduction interval, patients who received 
halothane after premedication with morphine had a 
lower HR than patients who received isoflurane or 
enflurane after premedication with diazepam alone. 

Therefore, in agreement with the multicenter eval- 
uation of isoflurane, we found that the preoperafive 
use of morphine or intraoperative use of fentanyl de- 
creased HR during inhalational anesthesia. We did 
not investigate the mechanism producing the de- 
crease in HR, but it is likely to be the direct vagotonic 
effects of morphine (5) and fentanyl (6). Although -he 
addition of narcotics deepened the level of anesthesia, 
anesthetic depth alone is not a likely explanation for 
slower HR. Studies of isoflurane and enflurane in 
volunteers have previously documented that an in- 
crease in the concentration of these vapors either in- 
creases or does not change HR (1,2). 

Patients in our study who received morphine pre- 
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medication generally had a lower MAP after induction 
of anesthesia and throughout the first 10 min of sur- 
gery than patients who had premedication with di- 
azepam alone. However, they also generally had a 
lower HR during these periods. Similarly, in patients 
who received fentanyl, both MAP and HR usually 
decreased. But, because decreases in HR and MAP 
both lower myocardial oxygen demand, our results 
suggest that the balance of myocardial oxygen supply 
and demand may have been favorably influenced by 
the narcotics. Thus when modest increases in HR may 
place a patient at risk, premedication including mor- 
phine may be advantageous if inhalation anesthetics 
are to be used; and, when intraoperative increases in 
HR place a patient at risk, administration of a small 
dose of fentanyl may be an effective therapy. 





The authors wish to thank Celeste Mangold for help in the prep- 
aration of this manuscript and Winifred von Ehrenburg for editorial 
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Plain or Hyperbaric Bupivacaine for Spinal Anesthesia 
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Three ml of bupivacaine 0.5% , either plain or in 8% glucose, 
was injected intrathecally in three ae ps of twenty patients, 
Group 1 received bupivacaine 0.5% plain; group 2 received 
bupivacaine 0.5% in 8% glucose. Patients in groups 1 and 
2 were kept sitting for 3 min after injection. Patients m 
group 3 received bupivacaine 0.5% in 8% glucose and were 
placed in the supine horizontal position immediately after 
injection. Observations of patients in group 3 were observer 
blind and in groups 1 and 2 double blind. The differences 


In recent years, bupivacaine 0.5% has been used in- 
creasingly for spinal anesthesia, both as a plain and 


as a hyperbaric solution. The hyperbaric solution of 


bupivacaine has been found to be a safe and reliable 
anesthetic solution for spinal anesthesia in various 
studies (1-4). The plain solution of bupivacaine 0.5% 
has also been used for spinal anesthesia with good 
results (5-11). Others, however, found the plain so- 
lution of bupivacaine unsatisfactory or only suitable 
for perineal and lower limb surgery (3,12-16). Since 
1982 our department has used the plain solution of 
bupivacaine 0.5% as the sole agent for spinal anes- 
thesia. We have accumulated experience in over 3000 
cases in which the plain solution proved an excellent 
spinal agent for any kind of surgery below the um- 
bilicus. Because of conflicting findings in the literature 
with regard to the effectiveness of the plain solution, 
the present study was undertaken to compare the 
effects of hyperbaric bupivacaine with those of plain 
bupivacaine under double blind conditions, and the 
effect of posture when using the hyperbaric solution 
under observer-blind conditions. 
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betweer segmental levels of sensory and temperature loss 
betwee groups 1 and 2 and between groups 2 and 3 were 
statistrrally not significant. Motor blockade of the lower 
extrenmsies was more intense in the patients who were kept 
sitting for 3 min (groups 1 and 2). it is concluded that both 
solutiows are equally suitable for spinal anesthesia, provided 
patients receiving the plain solution are kept sitting for at 
least 2 ain. When using hyperbaric bupivacaine, posture 
seems W nave no influence on cephalad spread. 








Key Words: ANESTHETIC TECHNIQUES—spinal. 
ANES¥HETICS, LOCAL ~—bupivacaine. 


Patients and Methods 


Sixty patients (ASA I-I) about to undergo urologic 
surgery under spinal anesthesia were randomly al- 
located to either a double-blind group (groups 1 and 
2) or the open group (group 3). Each group contained 
twenty patients. Patients in the double-blind groups 
received 3 ml of a solution containing either bupiv- 
acaine 0.5% plain (group 1) or bupivacaine 0.5% in 
aie 8% (group 2) ae were are for 3 ae 





wane Peni in group 3 received 3 ml of Sa 
caine 9.5% in glucose 8% and were turned into the 
supine horizontal position immediately after injec- 
tion. The study was approved by the Ethical Com- 
mittee of the hospital, and oral consent was obtained 
from all patients. 

Premedication consisted of temazepam 10 mg or- 
ally tre night before the operation. Before the insti- 
ron of tne apat pea 500 mi u peers 





nes Dural eae was i aed with the pa- 
tient in the sitting position at the L3-4 interspace by 
a standard midline or paramedian approach using a 
25 gauge spinal needle. 

Blood pressure and pulse rate were measured be- 
fore mjection (t = 0) and at 5-min intervals after in- 
jection for 20 min (t = 5-20) using an automatic cy- 
cling device (Dinamap). ECG was monitored 
contimuously. 

Measurement of the height of sensory changes was 
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Table 1. Characteristics of the Patients Studied 





Group 1 


Group 2 
sea (1 = 20) 


SHENSTRA AND VAN POORTEN 





reece crt nt meena e mma pn lt oops 


Age (yr) POT 69 + 1.6 
Length (cm) 175 2136 VEERE 
Weight (kg) Te kol E: 


1ean e arme a 


Group 3 A A 
(n = 20) 1-2 2-3 
70 + 1.59 NS NS 
173 + 1.90 NS NS 
70 + 2.54 NS NS 





Group 1: plain bupivacaine, 3 min sitting after injection. Group 2: hyperbaric bupivacaine, 3 min sitting after injection. Group 3: hyperbaric bupivacaine, 


immediately turned to the supine horizontal position. 
NS, no statistically significant difference. 
Mean values + SEM. 


Table 2. Segmental Levels of Loss of Sensation to Temperature (TEMP) and Pin-Prick (P.PR) 10 and 20 min 


after Injection 








anny 








Group | Group 2 Group 3 A A 

(n = 20) (u = 20) (n = 20) 1-2 2-3 
TEMP 10° T-8 (0.7) T-9 10.65 T-10 (0.6) NS NS 
TEMP 20° T-7 (0.7) T-7 10.6) T-8 (0.5) NS NS 
P.PR 10° T-9 (0.6) T-10 (0.55 T-10 (0.3) NS NS 
P.PR 20’ T-7 (0.6) T-8 (0.6) T-9 (0.4) NS NS 
a ee ee aT Sve ey eR Ee RL N ne le Ne ET Te E ee 


Groups as defined in Table 1. 
NS, not significant. 
Mean values + SEM. SEM in parentheses. 


made 10 and 20 min after injection of the bupivacaine 
solution. Sensory loss was measured in the anterior 
axillary line by pin prick using a short bevelled 25- 
gauge needle. Temperature loss was measured using 
an ice cube. The segment at which the patient was 
not capable of recognizing the temperature of the ice 
cube and the segment of loss of sensation to pin prick 
were recorded. Motor blockade was assessed 10 and 
20 min after injection using a 0-3 scale according to 
Bromage (17). All punctures and observations were 
made by the authors themselves; the author making 
the observations concerning levels of blockade and 
degree of motor blockade was “observer blind”, ie., 
he did not know whether the patient was in the open 
group or in the double blind group. 

Results are expressed as mean + SEM. Statistical 
analysis used the Wilcoxon test for matched pairs for 
intragroup variations and the Mann-Whitney-U test 
for intergroups comparisons. A P-value less than 0.05 
was taken as a significant difference. 


Results 


No significant statistical differences existed among the 
three groups with regard to age, height or weight 
(Table 1). The segmental level of temperature loss 
after 10 min was T-8 in group 1, T-9 in group 2, and 
T-10 in group 3; after 20 min these levels were T-7, 
T-7, and T-8, respectively. The segmental level of loss 
of sensation to pin prick after 10 min was T-9 in group 


1, T-10 in group 2, and T-10 in group 3; after 20 min 
these levels were T-7, T-8, and T-9, respectively. The 
differences in sensory levels between groups 1 and 2 
and between groups 2 and 3 were statistically not 
significant, at either 10 or at 20 min (Table 2). The 
ranges of levels are shown in Figure 1. Motor blockade 
was more intense in the patients who were kept sit- 
ting for 3 min (groups 1 and 2), at both 10 and 20 min 
(Figure 2). 

systolic blood pressures decreased in all groups, 
with decreases significantly below baseline levels after 
5, 10, 15, and 20 minutes in groups 1 and 3; in group 
2, decreases were significant after 10, 15 and 20 min. 
Differences between systolic blood pressures at t = 
0 were not significant. Differences between decreases 
in systolic blood pressures in groups 2 and 3 were not 
significant at any time; between groups 1 and 2 there 
was a significant difference between the decreases in 
systolic blood pressures only after 10 min, at which 
time the decrease in group 1 was greater. 

The decrease in blood pressure was so mild in all 
patients that vasopressors were not required. In groups 
1 and 3 there was a small but not significant decrease 
in heart rate; in group 2 there was a small increase in 
heart rate that was significant only at 10 min. Inter- 
group comparison showed that the differences in 
changes in heart rates between groups 1 and 2 were 
significant at 10 min. Hemodynamic data are sum- 
marized in Table 3. None of the patients suffered from 
postspinal headache. 


BUPIVACAINE SPINAL ANESTHESIA 
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SEGMENT 


Figure 1. Segmental levels of temperature loss (temperature spread) and los» of sensation to pin-prick (analgesia spread) 20 min after 
injection, The horizontal axis shows the thoracic segment at which temperature loss and loss of sensation to pin-prick were measured, 


_. Group 2: hyperbaric bupivacaine, 3 min sitting after injection. 


i Group 3: hyperbaric bupivacaine, immediately turned to the supine hor zontal position. 


Discussion 

The factors that govern the spread of intrathecally 
administered solutions have been and still are subject 
to speculation. Factors playing a major role have been 
suggested to be the amount of drug given (9,18) or 
the volume used (5,19). Speed of injection has been 
suggested as a factor governing spread but has never 
been tested; barbotage is believed to increase ceph- 
alad spread, although it failed to do so in a controlled 
study (20). Attention has also focused on the influence 
of posture and the baricity of the solution. Since the 


work of Barker (21), who studied the behavior of hy- 
perbaric solutions in a glass tube, local anesthetics for 
spinal anesthesia have usually been administered as 
hyperbaric solutions. If the patients are kept in the 
horizontal position, it has been shown that the use 
of hyperbaric solutions of tetracaine or bupivacaine 
result in a higher cephalad spread when compared 
with the plain solutions (3,13,14,22). However, in a 
study comparing hyperbaric with isobaric tetracaine 
in which the patients were kept sitting for approxi- 
mately 20 sec after injection, there was no difference 
in cephalad spread (20). Another study reported that 





174 ANESTH ANALG 
1987;66:171-6 


“CTER BLOCKADE AFTER 10 MINUTES 


Bvb ad fe 219498 %OR 





.Bromage Scale 


STIENSTRA AND VAN POORTEN 


MOTOR BLOCKADE AFTER 2@ MINUTES 
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Figure 2. Degree of motor blockade 10 and 20 min after injection. The horizontal axis shows the Bromage scale: 0, no motor block: 1, 
inability to raise the extended leg; 2, inability to flex the kne; 3. complete motor block. The vertical axis shows the number of patients. 
W Group 1: plain bupivacaine, 3 min sitting after injection. 
O Group 2: hyperbaric bupivacaine, 3 min sitting after injection. 
Œ Group 3: hyperbaric bupivacaine, immediately turned to the supine horizontal position. 


Table 3. Systolic BP (mm Hg) and Heart Rate (beats/min) at Various Times (t) During and After Injection into 


Subarachnoid Space 








Group 1 Group 2 Group 3 A 1-2 A 2-3 

Systolic BP 140 (3.32) 142 (2.97) 145 (4.24) NS NS 

(t= 0) 

Systolic BP 130 (3.69) 140 (3.69) 136 (4.63) NS NS 
(t = 5) P < 0.01 P=0 P < 0.05 

Systolic BP 122 (4.63) 135 (4.28) 133 (4.55) P < 0.02 NS 
(t = 10) P < .001 P < 0.0 P < 0.01 

Systolic BP 122 (3.55) 128 (3.62) 128 (3.09) NS NS 
(t = 15) P < 0.01 P < 0.01 P < .001 

Systolic BP 125 (3.89) 129 (4.52) 130 (3.29) NS NS 
(t = 20) P < 0.01 P < 0.01 P < .001 

Heart rate 75 (3.68) 75 (2.87) 76 {3.14) NS NS 
(t = 0) 

~Heart rate 76 (3.59) 77 (2.92) 76 (3.01) NS NS 

(t= 5) NS NS NS 

Heart rate 75 (3.68) 80 (3.55) 75 (2.67) P < 0.05 NS 
(t = 10) NS P < 0.01 NS 

Heart rate 74 (3.89) 78 (3.08) 74 (2.71) NS NS 
(t = 15) NS NS NS 

Heart rate 74 (3.77) 77 (2.89) 72 í2.90) NS NS 
(t = 20) NS NS NS 


L 8 ee a S88 I I 00060 Oe 


Mean values + SEM (SEM in parentheses). 


the cephalad spread of a plain solution of bupivacaine 
increases if the patient is kept in the sitting posiaon 
for 2.5 min (23). E 

. Itis interesting to see that all authors who.cons-der 
... the-.plain solution unsuitable, unpredictable, or suit- 


. . able only for lower limb and perineal surgery perform 


dural puncture in the horizontal position, turning the 
patient supine immediately afterwards (3; 12-16). Au- 
thors who achieve a good cephalad spread of the plain 
solution of bupivacaine all perform dural puncture 
with the patient in the sitting position, keeping the 
patients sitting for at least 2 min afterwards (9,18,23,24). 


BUPIVACAINE SPINAL ANESTHESIA 


In our study, there was no difference in cephalad 
spread in patients given the hyperbaric and the plain 
solution in the sitting position. Although this agrees 
with the results of other studies (18,24), the possibility 
of a type H error being made must be kept in mind. 
As can be seen in Figure 1, the variation in cephalad 
spread is considerable. This could cause masking of 
an existing significant difference, both between groups 
l and 2 and between groups 2 and 3. 

Comparing the sitting patients given hyperbaric 
bupivacaine with the patients kept horizontal, our 
study shows that again there was no difference in 
cephalad spread. This is surprising, because on the 
basis of baricity one would expect a hyperbaric so- 
lution to “sink” in the sitting patient. Indeed, it has 
been shown that, contrary to common belief, changes 
in posture cannot be used to control the spread of 
hyperbaric tetracaine (25) or hyperbaric bupivacaine 
(26). This suggests that the addition of glucose makes 
little or no difference with regard to the cephalad 
spread of an intrathecal solution. 

In our study, complete motor blockade was more 
frequent in the patients kept sitting than it was in 
patients in the horizontal position; there appeared to 
be no difference in degree of motor blockade between 
the patients receiving either the plain or the hyper- 
baric solution and who were kept sitting for 3 min. 
In some studies, use of the plain solution has resulted 
in a higher frequency of complete motor blockade 
(3,18,24), whereas in other studies this is not so ob- 
vious (13,14). 

Apart from a significant difference of short dura- 
tion at 10 min between groups 1 and 2, there were 
no significant differences with regard to decreases in 
systolic blood pressure or changes in heart rate, either 
between groups 1 and 2 or between groups 2 and 3. 
When performing repeated tests on the same data, 
there is always a chance of finding a spurious signif- 
icance; because the aforementioned difference be- 
tween groups 1 and 2 at 10 min looses significance 
when Bonferroni's procedure is applied and because 
a significant difference is not very likely, we feel it is 
unimportant. 

In conclusion, the results of this study indicate that 
both the plain and the hyperbaric solutions of bupiv- 
acaine 0.5% are equally suitable for spinal anesthesia, 
provided the patients receiving the plain solution are 
Kept in the sitting position for at least 2 min. A pos- 
sible advantage of the plain solution is that duration 
of action may be longer. Several studies report that 
anesthesia using a hyperbaric solution has a shorter 
duration than anesthesia with a plain solution 
(13,18,22,25,27), although other studies fail to confirm 
this (20,24). When using a hyperbaric solution, pos- 
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ture hes no influence on cephalad spread under the 
conditons of the present study. Motor blockade was 
more Fitense in the patients who were kept sitting, 
regard ess of the solution used. 
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The Lumbar Subdural Extraarachnoid Space of Humans: 


An Anatomical Study Using Spinaloscopy in Autopsy Cases 


Rune G. Blomberg, MD 
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BLOMBERG RG. The lumbar subdural extraarachnoid 
space of humans: an anatomical study using spinaloscopy 
in autopsy cases. Anesth Analg 1987;66:177--80. 


The lumbar subdural extraarachnoid space was examined 
by spinaloscopy in 15 autopsy subjects. Special attention 
was paid to the ease with which the space opened up and 
also to the extent of view achieved. In ten cases the space 
opened up with ease, in four cases with difficulty, and in 
one case it was not possible to establish the subdural space 
at all. The bevel of an 18-gauge Tuohy needle introduced 
into the subdural space could be visualized in € ight of 13 
cases. An epidural catheter was then passed through the 


Accidental subdural extraarachnoid puncture as a 
complication of epidural anesthesia was radiologically 
demonstrated in 1975 by Boys and Norman (1) and 
since then by several other authors (2-5). Mehta and 
Maher described deliberate therapeutic subdural 
puncture in 1977 (6). 

In 1985, Mehta (7) reported a series of 100 extra- 
dural anesthetic blocks performed by trained anes- 
thesiologists and showed with radiologic technique 
that the position of the Tuohy needle was partially 
subdural in seven cases. Subdural puncture may thus 
occur in epidural anesthesia even in experienced hands. 
However, the patency of the lumbar subdural space 
has not been studied. With the aim of demonstrating 
the subdural space in a situation as similar as possible 
to that of clinical epidural anesthesia, the technique 
of spinaloscopy was used on autopsy subjects. In 1985 
I described the method (8), unfortunately then una- 
ware of the work of Ooi et al. (9-11), which was thus 
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Tuohy aeedie into the subdural space in eight cases and was 
visualized in six of them. Although care must be exercised 
in drawing conclusions for clinical epidural anesthesia from 
autopsy cases, this study confirms the possibility of placing 
both the bevel of a Tuohy needie and an epidural catheter 
in the subdural space. The results reemphasize the need for 
cautiomsugeested by other reports regarding the possibility 
of subdaral puncture in epidural anesthesia and subsequent 
injection of anesthetic solution into the subdural space. 





Key Words: ANATOMY—spinal canal, subdural 
space. ANESTHETIC TECHNIQUES—spinal, epi- 
dural. 
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not given due credit. Since 1967, Ooi et al. have re- 
ported on the use of spinaloscopy in 208 patients, 
with particular emphasis on observations of the cauda 
equina and herniated discs. The technique in this 
present study differs in using an endoscope with a 
90° leas and in carefully injecting air in order to open 
the epidural and subdural spaces. 


Metkods 


Spina.oscopy was performed on 15 autopsy subjects 
aged 47-83 yr. The age and sex of the subjects are 
presented in Table 1. All findings were documented 
by photography. 

Spmaloscopy was performed with a rigid needle 
arthrescope, the Olympus Selfoscope. For this study 
the larger model, SES 2211 S, was used. It has an 
exterral diameter of 2.2 mm. It is equipped with a 
wide-angle Selfoc lens at the tip that is directed 90° 
to the longitudinal axis, together with a window for 
emission of light transmitted from a light source, the 
Olymous CLV-10, by an optic cable. For photography 
the endoscope was attached to an Olympus OM-2 
camera with an adapter that gives a magnification 
equivalent to that of a 105 mm lens. 

The epidural space was first located with an 18- 
gauge Tuohy needle by loss of resistance to air in the 
lumber interspace L3-4 using the midline approach in 
all cases but one (case 15), where the paramedian 
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Table 1. Age and Sex Distribution of 15 Autopsy Subjects 


on whom Spinaloscopy Was Performed 
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technique was used. The endoscope was then intro- 
duced with the aid of a trocar and a sheath in the 
lumbar interspace L2-3. In two cases the examination 
was ultimately performed one level (case 11) and two 
levels (case 7) cephalad to the first interspaces because 
of difficulties encountered. After visual identification 
of the epidural space the endoscope was advanced 
into the subarachnoid space with the aid of trocar enc 
sheath. The pressure of the cerebrospinal fluid was 
measured whenever spontaneous flow through the 
sheath of the endoscope occurred. 

The subarachnoid space was flushed with saane 
through the sheath of the endoscope to improve vis- 
ibility through the scope and facilitate inspection of 
the contents of the subarachnoid space, mainly nerve 
roots of cauda equina and the corresponding vessels 
(Fig. 1). With continued careful flushing through the 
sheath, the endoscope was then slowly withdrawn 
until the subdural space was encountered (Fig. 2). A 
complete opening was identified by the thin arach- 
noid membrane suddenly covering and blurring the 
nerve roots, which could still be faintly seen through 
the membrane. The subdural space could clearly be 
distinguished from the epidural space as described in 
a study performed with epiduroscopy (12). 

In 13 subjects a Tuohy needle inserted one lumbar 
interspace caudad to the endoscope was then ad- 
vanced into the established subdural space and saline 
injected through the needle to further open up the 
space (Fig. 3). Finally, in eight cases an epidural cath- 
eter (Vygon, external diameter 1.0 mm) was intro- 
duced through the Tuohy needle into the subdura: 
space. 

The ease with which the subdural space could be 
opened up by injection of saline was recorded. Aiso, 
the extent of view into the subdural space, defined 
by visualization of the Tuohy needle one lumbar space 
away, was noted. 

Hospital records of all subjects were examined tor 
information about factors that might be suspectec of 
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Figure | 
equina. Caudad view, ventral to left, dorsal to right. 


Spinaloscopy (case 12). The nerve roots of the cauda 


influencing relationships in the subdural space and 
surrounding tissues. Such factors included diagnostic 
lumbar puncture, subarachnoid and epidural anes- 
thesia, and spinal pathology of any sort. 


Results 


A summary of the results is presented in Table 2. Of 
the 15 autopsy subjects the subdural space was easily 
opened in ten. In four cases the space was exposed 
with difficulty, and in one case it was not possible to 
establish the space at all. No relationship was found 
between the ease with which the space was opened 
and the time period that had elapsed between death 
and endoscopic examination. 

The bevel of the Tuohy needle located one lumbar 
interspace caudad to the endoscope (roughly 2.5- 
3 em) was seen in eight of the 13 cases where the 
needle was advanced into the subdural space. In the 
remaining five cases technical difficulties, mainly folds 
of arachnoid membrane, obstructed the view. How- 
ever, the presence of the needle was indicated by 
widening of the space as saline was injected through 
the needle. 

An epidural catheter was introduced through the 
Tuohy needle into the subdural space in eight subjects 
and was visualized in six of them. As the catheter 


ENDOSCOPY OF THE SUBDURAL SPACE 





Figure 2. Spinaloscopy (case 12). Partial opening of subdural space. 
Caudad view, ventral to left and dorsal to right. From left to right 


was advanced it was seen to further widen the sub- 
dural space. The catheter perforated the arachnoid 
membrane in one case (case 13) and entered the sub- 
arachnoid space. 

The pressure of the cerebrospinal fluid when the 
sheath initially entered the subarachnoid space was 
nil in 13 cases (examined 10 hr after death or later), 
7 cm HLO in case 12 (examined 7 hr after death) and 
5 em HO in case 13 (examined 4 hr after death). 
Watertight conditions were not always possible and 
leaks were frequent; conditions for measurement of 
pressures and injected volumes were thus not favor- 
able. However, in one case (case 5) it was possible to 
perform a successful measurement of CSF through a 
separate needle after injection of saline into the sub- 
arachnoid space when it was first entered. Cerebro- 
spinal fluid pressure was recorded as 11 cm HO at 
the same time as the subdural space was opened. 

The hospital records of the 15 subjects showed that 
previous diagnostic lumbar puncture had been per- 
formed in three cases, subarachnoid anesthesia in two 
cases, and epidural anesthesia in four cases (Table 2). 
In one subject (case 14) both subarachnoid anesthesia 
and a diagnostic lumbar puncture had been per- 
formed. These previous events were included re- 
gardless of time of occurrence. 
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mm). Caudad view, ventral to left and dorsal to right. The nerve 
roots togeft are covered by folds of arachnoid membrane. The dura 
mater is to the right. 


Discussion 

The chnical conclusions that may be drawn from au- 
topsy cases are limited because several factors affect- 
ing the subdural space differ antemortem and post- 
mortem. One of these is the very low pressure of the 


that might facilitate opening of the subdural space. 
However, in this study it was shown in one case that 
even ë pressure of 11 cm H2O in the subarachnoid 
Space did not prevent easy separation of the arach- 
noid maembrane from the dura mater. 

might be expected, the two cases with initially 
measurable cerebrospinal fluid pressure were studied 
relatively shortly after death. In the remainder of the 
material the time lapse between death and sp:nalos- 
copy was sufficient for cerebrospinal fluid pressure 
to dec ease to atmospheric pressure. 





presumably reduce the volume of the epidural space. 
Also, ¿ certain amount of postmortem autolysis can- 
not be excluded. Finally, introduction of trocar, sheath, 
and er doscope may traumatize the dura mater and 
the arechnoid. All these factors might facilitate sep- 


This limited study has shown that it is possible to 








180 ANESTH ANALG® BLOMBERG 
1987;66: 177-80 
Table 2. Results of Spinaloscopy in 15 Autopsy Subjects 
Case Opening of Tuohy 
number Age/sex subdural space needle Catheter Remarks 
1 62 yr/M Easy Seen Seen Epidural anesthesia in 1958 
2 77 yriM Easy Not seen — Epidural anesthesia in 1983 
3 70 yr/M Easy Seen Seen Epidural anesthesia twice in 1978 
4 76 yriM Easy Not seen — Lumbar puncture in 1985 
5 79 yriM Easy Seen — — 
6 63 yr/M Easy Seen Seen Lumbar puncture in 1981 
7 76 yriM Difficult (Th12-L1) _ — Subarachnoid anesthesia in 1958 
8 60 yr/M Easy Not seen — — 
9 59 yr/F Not established — 
10 68 yr/F Easy Seen Seen — 
1] 83 yr/F Difficult (L1-2) Not seen Not seen — 
12 71 yrM Difficult Not seen Not seen Epidural anesthesia in 1979 
13 74 yr/M Difficult Seen Seen a 
14 73 yr/F Easy Seen Seen Subarachnoid anesthesia in 1950; 
lumbar puncture in 1976 
15 47 yriM Easy Seen — — 
demonstrate the lumbar subdural space in autopsy References 


cases by means of spinaloscopy and to confirm that 
the subdural space is capable of accepting the beve? 
of a Tuohy needle as well as an epidural catheter. The 
subdural space was easily opened in ten subjects. In 
the four cases where difficulties were encountered 
and in the one case where it was not possible to es- 
tablish the subdural space the cause of the difficulties 
could not be determined by spinaloscopy. There was 
no relation between the problems in these five cases 
and earlier diagnostic or therapeutic procedures such 
as lumbar puncture, subarachnoid and epidural anes- 
thesia. 

Even though conclusions regarding clinical epi- 
dural anesthesia must be drawn with care, these re- 
sults indicate that during subarachnoid or epidura’ 
anesthesia caution is necessary to avoid subdura’ 
puncture with subsequent injection of anesthetic so- 
lution into the subdural extraarachnoid space. 


The endoscope and camera equipment were supplied by Astra 


Lakemedel AB, who also generously contributed to the light source. 
This study was made possible by the kind cooperation of the staffs 
of the Department of Pathology, Central Hospital, Norrköping, and 
the Department of Forensic Medicine, Linköping University Hos- 
pital. 
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Effects of 100% Oxygen and a Mixture of Oxygen and Air 


on Oxygen Saturation in the Immediate 


Period in Children 





Postoperative 
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VIJAYAKUMAR HR, METRIYAKOOL K, JEWELL MR. 
Effects of 100% oxygen and a mixture of oxygen and air 
on oxygen saturation in the immediate postoperative 
period in children. Anesth Analg 1987;66:181—4. 


Arterial oxygen saturation during transportation of children 
from the operating room to the recovery room and in the 
recovery room was monitored in kwo groups of patients, one 
green 100% oxygen at the end of anesthesia, the other given 





ee 


a 30:36 mixture of oxygen and air. The oxygen—air group 
had a statistically significantly higher incidence of hypox- 
emic emsodes. Preaxygenation with 100% oxygen before 
transfer from the operating room reduces the incidence of 
hypoxertia in children. 


Key Words: ANESTHESIA—pediatric. OXYGEN— 
saturatson. RECOVERY-—oxygen saturation. 
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General anesthesia is known alter Arterial oxygen- 
ation. Reduction in functional residual capacity (FRC), 
closure of small airways, and associated ventila- 
tion-perfusion imbalance are among the causes of 
hypoxemia under anesthesia. Each of these can con- 
tinue well into the postoperative period (1-3, 14). In 
addition, pain caused by upper abdominal incisions, 
central respiratory depression caused by narcotics or 
inhalational anesthetics, residual muscle paralysis, 
diffusion hypoxemia caused by rapid elimination of 
nitrous oxide, shivering, coughing, breath holding, 
and airway obstruction can all cause hypoxemia in 
the postoperative period. It is a common practice among 
anesthesiologists to give high concentrations of oxy- 
gen while anesthesia is being terminated. This is usu- 
ally done with the idea of preventing diffusion hy- 
poxemia and to create a reserve of oxygen in alveolar 
air during transport. 

It has also been recommended that a mixture of 
oxygen and air be given towards the end of surgery 
to avoid atelectasis and increased intrapulmonary 
shunting caused by the rapid resorption of oxygen 
when 100% oxygen is administered at the end of an 
anesthetic. Most anesthesiologists at Children’s Hos- 
pital of Michigan use a 50:50 mixture of oxygen and 
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air towards the end of surgery although some prefer 
to use 100% oxygen. 

This study was conducted to compare the effects 
of dittsrent inhaled concentrations of oxygen at the 


conclision of an anesthetic and to examine other fac- 








immeciately after anesthesia. Oxygen saturation was 
measured by a pulse oximeter (Nellcor) that has a 
rapid -esponse, is noninvasive, and is based on the 
principles of spectrophotometry and plethysmogra- 


phy. 


Methods 


One Pundred and one cases were included in the 
study... Ages ranged from 2 months to 17 yr (mean 
64.7 months). Sixty-two cases were ASA physical sta- 
tus I, thirty-six were status I] and three cases were 
status ‘II. All patients were scheduled for elective pro- 
cedures, primarily eye muscle corrections, hernia re- 
pairs, or orthopedic operations. No patient had an 
abdor inal or thoracic operation. Anesthesia was in- 
duced by inhalational agents intravenous thiopental, 
or intramuscular methohexital. Maintenance of anes- 
thesia was with nitrous oxide, oxygen, and one of the 
three nalogenated agents—halothane, enflurane, or 


trous oxide was turned off and patients were given 
either 4 L/min flow of 100% oxygen (group 2) or 2 
L/min oxygen and 2 L/min air (group 2) depending 
upon which of the two randomly allocated groups the 
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patients had been assigned to. The concentration of 


oxygen in the oxygen—air mixture was between 59 
and 62%, as measured by an oxygen analyser (Oxy- 
check- Critikon). The deviation of administration of 
these gas mixtures was noted as the “nitrous oxide 


elimination time.” In most cases this was at least 3 


min. At the end of the operation the patients were 
either extubated on the operating table before re- 
sponding to the tube or were transported to the re- 
covery room to be extubated when fully awake. All 
patients were transported while breathing room air. 


Almost all patients were extubated in the operating 


room except those who were less than 6 months old 
and those who had potential upper airway obstruc- 
tion, 

A pulse oximeter was used to measure the oxygen 
saturation every 30 sec from the time nitrous oxide 
was turned off until 3 min after breathing added O, 
in the recovery room. During transport, the pulse 
oximeter was placed on the foot end of the cart and 
its display was turned away from the anesthesiologis? 
in charge of the patient. An independent observer 
recorded the oxygen saturation. It was up to the anes- 
thesiologist (the first author) at the head of the patien 
to manage the airway appropriately based on clinica! 
judgement only. The mean time taken for transport 
from the operating table to recovery room was | min 
49 sec. Comments were written based on the clinica! 
impressions of the anesthesiologist as to whether the 
transport was smooth, whether the patient reacted to 
the endotracheal tube (coughing or breath holding), 
or whether the patient was mildly obstructed (snor- 
ing). In the recovery room all patients were given 5 
L/min of oxygen through a loosely fitting face mask. 
The rare occurrence of partial laryngeal spasm was 
treated with oxygen under positive pressure. 

The data were analyzed by a microcomputer with 
the help of the Statistical Package for Social Sciences 
(SPSS). One-way and two-way analysis of variance 


and y° analysis were made to determine the levels of 


statistical significance. The following variables were 
used for statistical analysis: 


1. The lowest recorded oxygen saturation (Sao) dur- 
ing the period of observation. 
2. Lowest saturation during transportation 
3. Lowest saturation in recovery room 
4. “Percentage decrease,” which is: 
(Highest Saturation — Lowest Saturation) < a00 
Highest Saturation i 
5. Oxygenation Status: 
Normoxemia (Sa0; of 90% and above); 
Hypoxemia (Sao, 89% and lower) 
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Figure 1. Incidence of hypoxemia. 


Results 


Fifty-two cases were given 100% oxygen (group 1) and 
49 were given oxygen and air (group 2) before trans- 
port. Twenty-eight of the total 101 cases had oxygen 
saturations of less than 90%. Ten of the twenty-eight 
‘hypoxemic’ cases were in group 1; eighteen were in 
group 2 (Fig. 1). This difference was statistically sig- 
nificant (P = 0.049). Mean lowest saturation was 91.4% 
in group | and 87.36% in group 2. Mean lowest sat- 
uration during transport 93.32% in group 1 was and 
89.04% in group 2. Percentage decrease in oxygen 
saturation in group 2 was greater than group 1, but 
the difference was not statistically significant. Oxygen 
saturations returned to nearly equal levels when sup- 
plemental oxygen was started in the recovery room 
(Table 1). 

Twenty-five cases in group 1 were ASA physical 
status I and had smooth transport. One of these 25 
became hypoxemic. The remaining 24 normoxemic 
cases had a mean lowest saturation of 95.4% (Table 
2). Twenty-one cases in group 2 were ASA-I and one 
became hypoxemic. The remaining 20 had a mean 
lowest saturation also of 95.5%. 

Oxygen desaturation was not related to age, ASA 
physical status, or the time during transport when it 
occurred. Whether or not an endotracheal tube was 
in place during transport did not influence the lowest 
recorded oxygen saturation. The two factors yielding 
the greatest decrease in oxygen saturation were pri- 
marily a ‘‘nonsmooth” transport (P = 0.00), and sec- 
ondarily, coexisting disease (P = 0.019). 

Thirty cases in the entire sample had either reacted 
to the endotracheal tube, coughed, or snored. Nine- 
teen of them became hypoxemic (Table 2). 

An interesting observation was made about the re- 
lationship between postoperative oxygen saturation 
and coexisting diseases. Mean lowest saturations of 
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Table 1. Arterial Oxygen Saturations 


Lowest Lowest saturation Percentage saQ, 

saturation during transport Lowest saturation drop 89 and 

(mean) {mean) in PAR with ©- (mean) lower 
Group 1 91.4 93,32 94.76 8.28 10 
Group 2 87.36 89.04 94.77 12.41 18 





Abbreviation: PAR, postanesthetic recovery, 
Patients in group } received 100% oxygen for 3 min prior to leaving the operating roam, patients in group 2 were given oxygen plus room air (50% Op, 
SOM N ? N aĵ, ` 
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Table 2. Incidence of Hypoxia during Transport 








Number of cases 


Cases with in ASA land Mean lowest SaO in 
Total “nonsmooth” with smooth ASA I patients with 
cases transport transport’ smooth transport 
Group | 52 15(9) 25(1) 95.4% 
Group 2 49 1510) 21(1) 95,5% 





“Numbers in brackets indicate the number of hypoxemic cases (O; < 90%). 


Table 3. Cases with Coexisting Diseases 
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Lower Upper 





airway airway Ex-premature Cardiac 
problems problems children Obesity problems Others 
Group | 2(1) 4(1) 2(0) 2(1) 1) 80) 
Group 2 5(3) 3(1) 5(4) 1(1) 1(0) 5(1) 





Numbers in brackets indicate the number of hypoxemic cases (SaO; < 90%), 


less than 85% were associated with lower airway dis- a low elastic recoil of the thorax and lungs in children 
orders, ex-premature status, and obesity (Table 3, Figs. (7). When closing volume exceeds FRC, the gases 
2 and 3). The statistical significance of any of these trapped beyond the closed terminal bronchioli are ab- 
observations could not be determined because of the sorbed leading to alveolar collapse. Nitrogen, which 
small number of cases in each group and the wide is relatively less soluble in blood than either oxygen 
scatter of values around the mean lowest oxygen sat- or nitrous oxide, can be assumed to greatly delay this 
uration. process of alveolar collapse. 

There are several studies that report increased in- 
trapu monary shunting after ventilation with 100% 
oxygen (8-13). One possible mechanism by which this 
Arterial oxygen saturation in the immediate postop- can oecur is resorption atelectasis. Another is oxygen- 
erative period has been studied recently using a pulse induced pulmonary vasodilatation that increases blood 
oximeter (4,5). This noninvasive rapid response method flow — through nonventilated hypoxic segments (14). 
of measuring arterial oxygen saturation is becoming Inhaled air or nitrogen maintains lung volume by de- 
increasingly popular and its accuracy has been estab- laying resorption of trapped gases. 
lished (6). Identical oxygen saturations were seen in the pres- 

During anesthesia, the alveolar—arterial oxygen ent study in ASAI patients with smooth transport in 
gradient increases due to changes in lung volumeand both groups. We believe this confirms the concept 
ventilation—perfusion mismatches (1). The increased that resorption atelectasis is not the most likely source 
venous admixture may be caused by maldistribution of oxygen desaturation immediately after anesthesia. 
of ventilation and perfusion and/or frank shunting The opportune moment for leaving the operating 
across collapsed alveoli. The decrease in FRC and the room was based on clinical judgement; nevertheless, 
increase in closing volumes ordinarily associated with a 30% incidence of coughing, light snoring, or breath 
general anesthesia are further exaggerated because of holdiag occurred during transport. Our study shows 
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Figure 2. Lowest saturation. 


that these events have a measurable effect on oxygen 
saturation. Patients in group 1, who had 100% oxy- 
gen, had fewer hypoxic episodes, probably because 
of the larger reserve of oxygen in alveolar air. 
Greater oxygen desaturation tended to occur in the 
presence of coexisting diseases such as lower airway 
disorders, prematurity, or obesity. Though the sta- 
tistical significance could not be determined in this 


study, a more controlled experiment is indicated to 


identify factors that increase risk of hypoxemia during 
transport to the recovery room. The seven cases with 
lower airway disorders included four cases with 
asthma, one with cystic fibrosis, and one with sus- 
pected pulmonary tuberculosis; one of the seven had 
had bronchitis 1 month previously. 

We conclude that any event interrupting smooth 
postanesthesia ventilation can rapidly result in sig- 
nificant hypoxemia. Our data indicate that it is best 


for pediatric patients to have 100% oxygen prior to 


transfer from the operating table to the recovery room. 
The benefits of nitrogen as a diluent are not demon- 
strable, at least in the immediate postanesthetic pe- 
riod, and use of nitrogen increases the risk of hypoxia 
in patients for whom transport to the recovery room 
was not entirely smooth, as well as in patients with 
coexisting diseases. 
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Figure 3. Percentage decrease in oxygen saturation. 
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Capnogram Artifact during High Airway Pressures Caused by a 


Water Trap 


Huib R. van Genderingen, Ir, and Nikolaus Gravenstein, MD 
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Capnograms are useful in monitoring mechanical 
ventilation (1). During ventilation with a partially ob- 
structed endotracheal tube resulting in elevated air- 
way pressure (Paw), we recently observed unex- 
pected CO; waveforms. The capnogram falsely 
indicated a brief period of expiration during mechan- 
ical inspiration (Fig. 1). A 30-ml water trap between 
the sampling tube and the capnograph was consid- 
ered to be the origin of the CO, measured during 
inspiration. This report describes a laboratory inves- 
tigation of this problem. 


Methods 


One bellows of a modified test lung (Vent Aid, Mich- 
igan Instruments, Grand Rapids, MI) (2) was used to 
simulate the lungs. Compliance was set at 0.1 L/cm 
H-O. A cuffed, 8-mm inner diameter endotracheal 
tube was inserted into the model’s “trachea” (Ima- 
trach, Adult Tracheal Model, National Reais Co.). 
The resulting airway resistance was 2.5 L/cm HO. 
One hundred percent carbon dioxide was ounce” into 
the lungs at a rate of 200 ml/min, approximating nor- 
mal CO, production in adults. The test lung was ven- 
tilated with an electronic ventilator (Ohio 7000, Ohio 
Medical Products, Madison, WI) by means of an anes- 
thesia machine (Ohio Modulus 1) with a circle system. 

Carbon dioxide tension, Paw, and flow rate in the 
airway were measured at the junction between the 
endotracheal tube and the breathing circuit. The cap- 
nogram was recorded with a Datascope Accucap (Da- 
tascope Corp., Paramus, NJ). Airway pressure was 
measured with an electronic transducer (Statham- 
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Gould °M 131 TC) and flow rate with a Fleisch pneu- 
motachograph (Dynasciences, Blue Bell, PA). Carbon 
dioxide tension, pressure, and flow waveforms were 
recorded on a multichannel, polygraph ampli- 
fier-recorder (Grass Medical Instruments, Quincy, 
MA). Steady state ventilation was established at a 
respiratory rate of 6/min with a tidal volume of 1000 
ml and a fresh gas flow rate of 5 L/min; Paw was 12 
cm HMO. 

To iavestigate the effect of Paw on measurements 
of Pco: during inspiration, the endotracheal tube was 
partially obstructed with a surgical clamp; the obstruc- 
tion wes varied to produce Paw from 20 to 60 cm HO 
in increments of 10 cm H2O. Airway pressure was 
then established at a baseline of 50 cm HO by ad- 
justing the clamp. Recordings at this baseline Paw 
were naade first with the water trap attached to the 
capnograph and then with the water trap bypassed. 
Recordings were then made with the effective water 
trap vclume, initially 30 ml, reduced by the addition 
of water in increments of 5 ml. The influence of res- 
piratory rate was investigated at 8/min and 12/min. 

Inspiratory PCO, was related to Paw and began to 
be reflected in the waveform when Paw was 30 cm 
H2O (Fig. 2). Both the amplitude and the duration of 
the effect increased when Paw increased. When the 
water trap was bypassed, the effect did not occur (Fig. 
3). As the volume of the water trap was reduced, the 
PCO, became progressively smaller (Fig. 3). The ar- 
tifact virtually disappeared after the addition of 20 ml 
of water; thus, the effective volume in the water trap 
at that time was 10 ml. 








Discussion 


A large water trap attached to a capnograph during 
sampling can produce artifacts at high Paw. The cap- 
nograph water trap is situated at the end of the sam- 
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Figure 1. Capnograms during mechanical ventilation. The endo- 
tracheal tube was partially obstructed and peak pressure in the 
circuit was 50 cm H20. The waveforms indicate a brief expiraticn 
during mechanical inspiration. 
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Figure 2. Capnograms showing CO. peak during mechanical in 
spiration at different peak airway pressures (Paw). The inspiratory 
CO, peak first appears at a peak Paw of 30 cm H20 and becomes 
progressively higher as peak Paw increases. 


pling tube and we postulate that the trap consists of 
two compartments (Fig. 4). In the upper compart- 
ment, sampled gas exits the sampling tube and flows 
into a tube leading to the CO, analyzer cell at a rate 
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Figure 3. Capnograms recorded experimentally. The endotracheal 
tube was partially obstructed and peak airway pressure was 50 cm 
H20. Baseline values were obtained (a); then measurements were 


made with the 30-ml water trap bypassed (b), filled with 10 ml of 
water (c), and filled with 20 ml of water (d). 


of 150 ml/min. A small portion of the gas sample flows 
into the lower part of the water trap (30 ml/min), and 
there the concentrations of gases are averaged over 
several breaths. 

At end inspiration (Fig. 4A), air in the sampling 
tube, water trap, and capnograph equilibrates with 
Paw. The ventilator then initiates exhalation by re- 
leasing the pressure (Fig. 4B); the compressed air ex- 
pands and part of the gas in the water trap flows back 
into the sampling tube. Subsequently, this gas from 
the water trap, which contains CO2, is sampled by 
the capnegraph, which displays an artifact because 
the CO, that is measured is temporally unrelated to 
expired gas. When the 30-ml water trap is filled with 
air, it is pressurized at a Paw of 50 cm H2O and ex- 
pands to about 31.5 ml at atmospheric pressure; this 
results in 1.5 ml of air flowing from the water trap 
back into the sampling tube. 

The process of gas sampling explains the position 
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Figure 4. Schema of gas sample route in the AOA ay (A) At 
the end of inspiration the system is pressurized at peak airway 
pressure (Paw) and filled with fresh gas except for the lower part 
of the water trap, which holds a g gas mixture containing CO, (shaded). 
(B) At the beginning of expiration, Paw decreases to baseline. The 
pressurized gas mixture in the lower part of the water trap expands 
and some flows back into the sampling tube, the CO, content of 
which is eventually detected by the capnograph. 


of the artifact in the capnogram. The sampling time 
(St) is defined as the time it takes for a gas sample to 
flow through the sampling tube at a specific sampling 
rate. The capnograph time (Ct) is defined as the in- 
terval of time between the arrival of a gas sample at 
the water trap and the electrical registration of this 
gas sample on the recorder. The measurement time 
(Mt) is the total time of both periods: Mt = St + Ct. 
The normal capnogram, which shows Pco, in res- 
pired gases, is delayed by Mt, but the artifact appears 
after a delay of Ct. The artifact, although originating 
at the beginning of expiration, appears in the preced- 
ing inspiratory phase of the capnogram as a result of 
the phase difference, St = Mt — Ct. Capnograph time 
was determined experimentally to be 0.67 + 0.03 sec. 
The artifact time (At) was determined to be the time 
lapsed between the decrease of Paw to baseline and 
the appearance of the artifact: At = 0.71 + 0.03 sec. 
That artifact time approximately equals capnograph 
time (they do not differ statistically) verifies this ex- 
planation. 
Recordings made at different respiratory rates (Fig. 
5) showed that the water trap-related artifact can ap- 
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Figure 5. © 


cheal tube pat abstr ted. (A) With eee values at a res- 
piratory rete of 6/min, the CO, artifact appears during the cap- 
nographic inspiratory phase. (B) With a respiratory rate of &/min, 
the artifact appears in the capnographic expiratory phase. (C) With 
a respiratory rate of 12/min, the artifact is disguised by the expir- 
atory phase. 


pear in both the inspiratory and expiratory phase of 
the capnogram or can be disguised completely in the 
expiratory phase by variations in the duration of in- 
spiration with different respiratory rates. 

The water trap in a capnograph removes moisture 
from a ges sample before it reaches the CO, analyzer 
cell. The volume of this water trap appears to be crit- 
ical in generating accurate capnograms at elevated 
Paw. The artifact disappeared when the water trap 
volume was reduced from 30 to 10 ml (Fig. 3). We 
suggest that capnograph manufacturers limit the size 
of such water traps to prevent capnogram artifacts at 
elevated Paw or verify that their water trap system 
does not generate artifacts. 
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Prolonged Neuromuscular Paralysis with Vecuronium in a Patient 


with Polymyositis 


Gary Flusche, MD, Julian Unger-Sargon, MB, and Donald H. Lambert, PhD, MD 
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Certain patients with dermatomyositis show a pro- 
found peripheral weakness. In some, this weakness 
is improved with the administration of anticholines- 
terase drugs. In 1958, Churchill-Davidson and Rich- 
ardson investigated ten patients with dermatomyo- 
sitis (1). They found evidence of a myasthenic response 
(using decamethonium) in two: in one of these pa- 
tients a bronchogenic neoplasm was present. These 
authors caution, therefore, that muscle relaxants be 
used carefully when anesthetizing patients with der- 
matomyositis. The present report describes a case of 
prolonged neuromuscular blockade with the short- 
acting, nondepolarizing relaxant vecuronium in a pa- 
tient with polymyositis who subsequently displayed 
no abnormality of neuromuscular transmission on 
electromyographic testing. 


Case Report 


A 73-yr-old white woman with longstanding rheu- 
matoid arthritis and a 10-yr history of polymyositis, 
peripheral vascular disease, and hypertension re- 
quired femoral—popliteal thrombectomy. She had 
undergone two previous lower extremity revascular- 
izaton procedures under regional anesthesia in the 
preceding three years and had two clinically signifi- 
cant episodes of lower extremity deep vein throm- 
bosis that required treatment with coumadin for 3-6 
months during the past two years. The diagnosis of 
polymyositis was based on clinical presentation, el- 
evated serum creatine phosphokinase levels, and 
characteristic muscle biopsy. Three years previously 
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she had had a left hemisphere cerebrovascular acci- 
dent that left her with minimal residual right hand 
clumsiness. She also had a large but infrequently 
symptomatic hiatal hernia. 

Three weeks before surgery, the patient was ad- 
mitted because of acute onset of left leg arterial in- 
sufficiency and an Escherichia coli urinary tract infec- 
tion. Aminoglycoside therapy was terminated 2 weeks 
before surgery when her renal function deteriorated. 
During subsequent therapy she developed pancyto- 
penia. Before the operation, transfusions had restored 
the hematocrit to 34%, and renal function had re- 
turned to baseline (serum BUN concentration 37 mg/dl 
[12.2 mmol/L] and creatinine concentration 1.8 mg/dl 
[137 wmol/L]). Daily medications at the time of sur- 
gery were 15 mg prednisone, 50 mg mercaptopurine, 
150 mg metoprolol, 500 mg methyldopa, and dipyr- 
idamole. She had completed antibiotic therapy 3 days 
before surgery. 

Preoperative physical examination showed her to 
be 160 cm tall, weighing 60 kg, with a blood pressure 
of 140/80 mm Hg, pulse rate of 60, and respirations 
l6/min. Neck extension and mouth opening were lim- 
ited; only lower teeth were present. Lungs were clear. 
Auscultation of the heart showed a normal S1, an 
increased 52, and a grade 3/6 systolic ejection murmur 
at the left sternal border. The electrocardiogram showed 
sinus rhythm, left atrial enlargement, and borderline 
left ventricular hypertrophy. Chest radiographs 
showed a large hiatal hernia, calcification of the mitral 
annulus and lower vertebral compression fractures. 
Neuromuscular examination demonstrated 4/5 strength 
in hip flexion and triceps extension, with other muscle 
strength 5/5. 

Concentrations of serum electrolytes, uric acid, al- 
bumin, glutamic oxaloacetic transaminase, glutamic 
pyruvic transaminase, bilirubin, and alkaline phos- 
phatase were normal. There was a slight elevation of 
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the concentration of lactic dehydrogenase. The pa- 
tient was calm and drowsy 1 hr after intramuscular 
Popa 3 mg, scopolamine, 0.2 mg and droperidol, 
1.25 mg. Methy Iprednisolone, 40 mg intramuscularly 
was also given. Because of rheumatoid arthritis-re- 
lated limitations of mouth opening and neck exten- 
sion, awake visualization of the airway was per- 
formed using 2 ml of 4% topical lidocaine administered 
by atomizer plus 2 mg of diazepam IV. Only the tip 
of the epiglottis could be visualized with the patient 
awake, but it was felt that the patient could be safely 
intubated with the addition of muscle relaxants. The 
patient was then given 75 mg of thiopental and 0.10 
mg fentanyl, IV, and was intubated after 8 mg ve- 
curonium (0.13 mg/kg) in anticipation of a 3-hr pro- 
cedure. This relatively large dose of vecuronium was 
also chosen to speed the onset of muscle relaxation 
to facilitate intubation because of the increased risk 
of aspiration due to the presence of the patient’s hiatal 
hernia. Anesthesia was maintained with oxygen and 
nitrous oxide 1:1 and enflurane 0.3-1%. During the 
last hour of the operation, morphine, 3 mg IV, was 
given (in anticipation of postoperative pain) and en- 
flurane remained at 0.3% until stopped 10 min before 
attempting neuromuscular blockade reversal. Other 
intraoperative medications given parenterally, in- 
cluded cefazolin, 1 g, 100 ml of dilute contrast agent 
for four intraoperative arteriograms, methylpredni- 
solone, 40 mg, heparin, 5000 U, and protamine, 50 
mg. 

Neuromuscular blockade was monitored with a 
Ministim’ (Professional Industries, Houston, TX), 
which delivers supramaximal stimuli at 2 Hz or 100 
Hz. At 2.5 hr after the sole dose of vecuronium (8 
mg), visual observation of thumb adduction after ul- 
nar nerve stimulation for 2 sec at 2 Hz (train-of-four) 
demonstrated one thumb twitch. Initial neuromus- 
cular reversal was attempted using neostigmine, 4 mg 
(0.67 mg/kg), and glycopyrrolate, 0.8 mg (0.013 mg/kg), 
LV. Fifteen minutes after these drugs had been given 
and 25 min after the 0.3% enflurane was stopped, the 
visually observed thumb adduction in response to 
train-of-four stimulation displayed four thumb twitches 
but with significant fade. Thirty minutes later, ed- 
rophonium, 30 mg, and glycopyrrolate, 0.2 mg, given 
intravenously eliminated the train-of-four fade, but 
the tetanic response to 100 Hz stimulation was not 
sustained. Ventilatory support continued during the 
reversal attempts and the patient required 9.5 hr of 
postoperative ventilation to meet clinical criteria for 
extubation (inspiratory force = ~20 cm H,O, vital 
capacity = 15 ml/kg.) The reason for the discrepancy 
between the recovery of the train-of-four response 
and continued respiratory inadequacy is not clear. 
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The postoperative neurologic examination was the 


same as it was preoperatively. This operation was the 
patient's first exposure to neuromuscular blocking 
agents since developing polymyositis. 

Some time after this procedure the patient under- 
went standard electromyographic (EMG) examina- 
tion. “his neurophysiological examination showed 
“evidence of loss or block of muscle fibers in the left 
media. vastus, brachial biceps, deltoid, and triceps 
muscles. In addition, there was evidence of ongoing 
denervation with fibrillation and positive sharp waves 
in the left brachial biceps and left triceps muscle. 
These ‘indings are compatible with an inflammatory 
myopathy. In addition, evoked muscle action poten- 
tials recorded from the deltoid muscle after supra- 
maximal stimulation of the axillary nerve at 2-5 Hz 
for 2-3 sec revealed no decrement. Thus, there was 
no evicence of myasthenia gravis or other defects in 
neuromuscular transmission. 


Discussion 


Kunjapoan et al. (2) have recently shown that intu- 
bating doses of vecuronium (0.15 mg/kg) in patients 
17-83 yr block neuromuscular transmission for 39.7 
+ 4.34 min (mean + SEM). Thus, the prolonged pa- 
ralysis that we report here is greatly in excess of what 
was anficipated. 

Althcugh this patient had a mildly elevated serum 
creatiniae concentration we do not attribute the pro- 
longed meuromuscular blockade to compromised renal 
functior because elimination of vecuronium is not 
heavily dependent on the kidney. Biliary excretion is 
considered to be the predominant route of elimination 
and this patient had normal hepatic function. 

Polyrayositis and dermatomyositis involve sym- 
metrical. bilateral neck, shoulder, and pelvic muscle 
weakness in 50% of cases. There may also be weak- 
ness of the intercostal and diaphragmatic muscles and 
muscles necessary for swallowing (3). No clinical evi- 
dence of muscle impairment in these areas was noted 
in our patient before surgery. 

Pathovogically, polymyositis is characterized by 
myofibri perivascular inflammatory infiltrates and 
muscle dber degeneration. Electromyographic evi- 
dence of muscle fiber fibrillation and sharp wave ac- 
tivity is associated with active disease. Nerve con- 
duction velocity is normal but muscle action potentials 
are decreased in amplitude and duration. The path- 
ological changes of polymyositis are believed to occur 
distal to the neuromuscular junction, with no alter- 
ation in acetylcholine function or degradation, though 
myasthenic-like syndromes have been reported in pa- 
tients with polymyositis (1). This patient underwent 
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postoperative EMG testing that confirmed findings 
consistent with an active inflammatory myopathy, but 
excluded neuromuscular transmission abnormalities. 
Both prejunctional and postyunctional sites of action 
have been proposed for vecuronium (4), but neither 
of these sites should be influenced by the pathology 
of polymyositis. 

The cause of this patient’s prolonged response to 
vecuronium is obscure. Disorders that impair the 
structure and function of the nerve and muscle fibers 
might be expected to damage the adjacent neuro- 
muscular junction, The functional reserve of the neu- 
romuscular junction is such that subclinical alterations 
may not be revealed by physiologic studies. Thus, 
widespread subclinical alterations in neuromuscular 
function may pass unobserved in a disorder such as 
polymyositis unless the patient is exposed to muscle 
relaxants (5). The undue sensitivity to vecuronium in 
this patient may indicate a subclinical defect of neu- 
romuscular transmission and may be similar to that 
seen with Duchenne muscular dystrophy (5) and neu- 
rofibromatosis (6). Because we are not aware of other 
reports of prolonged neuromuscular blockade with 
nondepolarizing muscle relaxants in polymyositis, we 
suspect that this is not a common problem in these 
patients. 

Alternatively, the prolonged response we encoun- 
tered in this patient may simply be a manifestation 
of the wide variation in response to neuromuscular 
blockade (with d-tubocurarine) reported by Katz (7). 
However, it is not known if similar variations in re- 
sponse occur with vecuronium. Finally, none of the 
medications taken by the patient preoperatively or 
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given to the patient intraoperatively are known to 
prolong nondepolarizing muscle relaxants. Whether 
or not polypharmacy together with mild renal im- 
pairment could produce the prolonged neuromus- 
cular blockade reported here is another, albeit spec- 
ulative, alternative. 

In summary, we report a case of prolonged neu- 
romuscular blockade with vecuronium in a patient 
with polymyositis in whom no abnormality of neu- 
romuscular transmission was found on subsequent 
electromyographic analysis. This is probably an un- 
common manifestation of this disease. Additional 
studies of patients with polymyositis who receive 
nondepolarizing neuromuscular blocking agents are 
necessary to quantitate the magnitude of what may 
be a subclinical defect in neuromuscular transmission. 
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Effect of Cimetidine on Duration of Action of Succinylcholine 


J. Reddy Kambam, Mp, Richard Dymond, MD, and Michael Krestow, MD 





Administration of cimetidine, an H>-receptor antag- 
onist, is associated with a direct inhibition of liver 
microsomal enzymes and a decrease in liver blood 
flow resulting in a variety of clinically significant drug 
interactions (1,2). Cimetidine is one of the more fre- 
quently prescribed drugs in the United States and a 
large number of these patients who are taking ci- 
metidine are coming to the operating room today. The 
effects of cimetidine on the action of muscle relaxants 
have not been reported. The purpose of the present 
study is to investigate the effects of cimetidine on the 
onset and duration of action of succinylcholine. 


Methods 


Twenty ASA Class 1 consenting patients between 20 
and 40 years of age were included in this study. The 
patients were divided into two groups (n = 10 each). 
Group 1 received 300 mg cimetidine orally at bed time 
and 300 mg orally 2 hr before induction of general 
anesthesia. Group 2 patients acted as control and did 
not receive cimetidine. All patients received meperi- 
dine, 1 mg/kg intramuscularly, and phenergan, 0.5 
mg/kg intramuscularly, as preoperative medications 
2 hr before induction of anesthesia with 6 mg/kg of 
IV thiopental. The median nerve at the wrist was 
stimulated supramaximally and the integrated elec- 
tromyographic (IEMG) response from the thenar 
muscle was monitored continuously with the Monash 
Neuro Muscular Block Monitor (Electro Med, Aus- 
tralia). The value of the IEMG at anytime is displayed 
digitally as a percentage of its value before the in- 
duction of muscle relaxation. Succinylcholine, 1.5 
mg/kg IV, was used in each patient and tracheal in- 
tubation performed when 95% depression of twitch 
height was present. Anesthesia was maintained with 
60% N-O in 39% O, and 1% halothane. Ventilation 
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was controlled using a tidal volume of 12 ml/kg at a 
rate of 10/min. The time taken for spontaneous re- 
covery from the time succinylcholine was adminis- 
tered te 50% of control twitch height was noted in all 
patients. Data were analyzed for statistical signifi- 
cance by means of Student's t-test (two-tailed). 


Results 


Results are shown in Table 1. Onset of action of suc- 
cinylcholine was not related to cimetidine, but du- 
ration of action was significantly prolonged in pa- 
tients given cimetidine. In one of the patients given 
cimeticine the time for initial recovery of twitch after 
succin#Icholine administration was 45 min. Twitch 
height returned to 50% of control 57 min after the 
admin:stration of succinylcholine. The plasma pseu- 
dochoanesterase level and fluoride number in this 
patien? (measured 24 hr postoperatively by PCHE pack 
and Du Pont aca discrete clinical analyzer in our hos- 
pital leboratory) were in the normal range. 


Discussion 


Cimet dine is frequently used by anesthesiologists for 
controlling the pH and volume of gastric contents. 
Cimet dine interacts with the pharmacokinetics of a 
variety of drugs including lidocaine, narcotics, and 
benzodiazepines (3-5). Cimetidine is also used along 
with -receptor antagonists for prevention of his- 
tamine-related side effects caused by narcotics and 
musc relaxants (6,7). 

We found in the present study that the duration 
of action of succinylcholine is 2 to 2.5 times longer in 
patierts given cimetidine preoperatively than it is in 
patier'ts not given cimetidine, a statistically significant 
difference. We also conclude that, in an occasional 
patient receiving cimetidine, it takes several minutes 
to an hour before recovery from muscle relaxation 
produced by succinylcholine is complete, and this too 
is cliracally significant. The mechanisms for the pro- 
longasion of succinylcholine action caused by cimet- 
idine need to be investigated. 
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Onset of Duration" of 
Subjects action (sec) action (min) 
1 36 8 
2 70 11 
3 35 11 
4 38 7 
5 35 5 
6 40 4 
7 38 8 
8 70 10 
9 68 7 
10 70 12 
Mean + SEM 50 + 5.0 8.6 + 0.76 


Control group 


Cimetidine group 


Onset of Duration’ of 
action (sec) action (min) 
37 18 
33 10 
40 57 
83 21 
33 20 
34 11 
85 20 
32 15 
90 18 
33 13 
50 + 7.5 20.3 + 4.25 


"No significant difference between the two groups (onset of action = time from injection to 95% twitch depression). 
Significant difference between the two groups (P < 0.05), Student's t-test, two-tailed value (duration of action = time from injection to 50% twitch 
recovery). 
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Status Asthmaticus Treated with Isoflurane and Enflurane 


samuel M. Parnass, MD, James M. Feld, Mp, William H. Chamberlin, Mp, and 


Laurence J. Segil, MD 





severe bronchospasm that is refractory to aggressive 
medical therapy and that requires tracheal intubation 
and mechanical ventilation is rare, occurring in only 
about 2% of patients hospitalized for asthma (1). In- 
deed, tracheal intubation may even worsen broncho- 
spasm, and mechanical ventilation in status asth- 
maticus is associated with substantial morbidity and 
mortality (1). Heavy sedation and paralysis with pan- 
curonium bromide may facilitate mechanical venti- 
lation (2), but have no direct bronchodilatory effects. 
Inhalational anesthetics have been used as broncho- 
dilators for many years. In particular, halothane has 
been recommended for asthmatics refractory to max- 
imal medical therapy (3), but its use has been limited 
by the risk of life-threatening arrhythmias (4). There 
are, however, other inhalational anesthetics with 
bronchodilatory effects that are less arrhythmogenic 
(5). 

We report three patients with status asthmaticus 
refractory to maximal medical therapy who continued 
to deteriorate after intubation and paralysis but re- 
sponded dramatically to the use of isoflurane and 
enflurane. 


Case Reports 
Patient 1 


A 27-yr-old woman was admitted in status asthmat- 
icus. Treatment with oxygen, nebulized isoetharine, 
subcutaneous epinephrine, and intravenous amino- 
phylline and hydrocortisone was unsuccessful. She 
became increasingly short of breath and lethargic. She 
was intubated, connected to a Bear 2 volume venti- 
lator (Fio, 0.50), sedated with diazepam and fentanyl, 
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and paralyzed with pancuronium bromide. Her con- 
dition continued to deteriorate rapidly, as evidenced 
by air ‘rapping and incomplete expiratory phase, the 
need for peak inspiratory pressures of greater than 
60 cm H,O, and arterial blood gas analysis showed a 
pH of 7.16, a Pco, of 69 mm Hg, and a Po, of 146 
mm (FiO, 0.50). Ventilator settings for tidal vol- 
ume, inspiratory flow, and rate (range, 8-15/min) were 
changed over the next half hour without improve- 
ment. 

Isofiurane was then administered in oxygen via an 
anesthesia machine with manual ventilation at rates 
of 6—16/min, increasing with increased air movement, 
and then switched to mechanical ventilation as air 
movement became progressively easier. Inhaled iso- 
flurane concentration varied between 0.25% and 2% 
in the attempt to provide bronchodilation while also 
maintaining a systolic blood pressure above 100 mm 
Hg. Within 15 min bronchodilation occurred as evi- 
denced by improved air movement, a decrease in peak 
inspiratory pressure to 45 cm HLO, decreased wheez- 
ing, and improvement in arterial blood gas values to 
pH 7.23, PcO2 56 mm Hg, and Po, 381 mm Hg. (Peak 
airway pressures were determined by briefly recon- 
necting the patient to the Bear 2 ventilator and deliv- 
ering a breath at the same settings used before anes- 
thesia.) Thirty minutes later peak inspiratory pressure 
was 40 cm H,O and arterial blood gas analysis re- 
vealed a pH of 7.27, a Pco, of 48 mm Hg, and a Po; 
of 34C mm Hg. Ninety minutes later she had no fur- 
ther wheezing, peak pressure was 30 cm H,O, and 
arterial blood gas analysis showed a pH of 7.39 with 
a PCC. of 37.9 mm Hg. Isoflurane was continued for 
1 hr. She was extubated breathing comfortably and 
spontaneously 4 hr later. 








Patieat 2 


A 57-yr-old woman presented to the emergency room 
with wheezing. Treatment with oxygen by mask, neb- 
ulized metaproterenol sulfate, and intravenous ami- 
nophylline, hydrocortisone, and penicillin was un- 
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successful. Arterial blood gas analysis showed a pH 
of 7.28, a PCO, of 43 mm Hg. and a Po, of 70 mm 
Hg. She became increasingly fatigued and lethargic. 
She was then intubated, connected to a Bear 2 volume 
ventilator, sedated with fentanyl and paralyzed with 
atracurium. Arterial blood gas values deteriorated to 
pH 7.16, Pco2 57 mm Hg, Po, 127 mm Hg, and peak 
pressures were greater than 50 cm HbO. Adjustment 
of ventilator settings had little effect on ventilation. 

She was started on enflurane with oxygen via an 
anesthesia machine with manual ventilation and then 
mechanical ventilation, titrating the concentration of 
enflurane to maintain a systolic blood pressure above 
90 mm Hg. Within 15 min wheezing had disappeared, 
peak inspiratory pressure had decreased to 30 cm H:O, 
and arterial blood gas values were pH 7.25, Pco, 43 
mm Hg, and Po, 94 mm Hg. Enflurane was discon- 
tinued after 2 hr. Although mild wheezing returned 
and peak pressures increased to 40 cm H,O, arterial 
blood gases changed only slightly. Paralysis was con- 
tinued with pancuronium bromide, and sedation with 
fentanyl and diazepam. She was mechanically ven- 
tilated for another 14 hr at which time she was ex- 
tubated. Her subsequent hospital course was un- 
eventful. 


Patient 3 


A 53-yr-old woman came to the emergency room with 
wheezing. Therapy included aminophylline, nebu- 
lized metaproterenol sulfate, and hydrocortisone so- 
dium succinate. There was no improvement over 36 
hr, at the end of which time values from arterial blood 
gas analysis were pH 7.32, Pco 51 mm Hg, and Po; 
127 mm Hg. She was then intubated, paralyzed with 
pancuronium bromide because of peak inspiratory 
pressures greater than 60 cm H2O, and sedated with 
fentanyl. Arterial blood gas values stabilized at pH 
7.41 and PcoO2 45 with peak pressures of 40 cm H,O. 
Over the next 12 hr pancuronium and fentanyl were 
discontinued. Six hours later peak inspiratory pres- 
sures increased to 60-70 cm H,O and arterial Pco; to 
67 mm Hg with a pH of 7.24. 

Enflurane was administered via an anesthesia ma- 
chine with manual and then mechanical ventilation 
titrating to a systolic blood pressure of 100 mm Hg. 
Marked resistance to ventilation decreased within 30 
min, with peak inspiratory pressure and end inspi- 
ratory pressure of 38 and 32 cm HO, respectively. 
Arterial blood gas values improved to pH 7.33 and 
Peco 53 mm Hg. Wheezing decreased but there was 
no further improvement over the next hour as mea- 
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sured by arterial blood gas analysis, and peak inspi- 
ratory and end-inspiratory pressures. Isoflurane was 
then started at 1% followed by concentrations asso- 
ciated with systolic blood pressures above 100 mm 
Hg. Fifteen minutes later there was no wheezing, 
peak inspiratory and end inspiratory pressures were 
27 and 24 cm H:O, respectively, and arterial blood 
gas values of pH 7.45 mm Hg and Pco, 42 mm Hg. 
Isoflurane was discontinued after 3 hr and the patient 
was supported by mechanical ventilation for another 
12 hr before being successfully extubated. 


Discussion 


Asthma is a relatively common disease in which most 
patients, including those in status asthmaticus, usu- 
ally respond to conventional therapy with oxygen, 
epinephrine, aminophylline, inhalational B-adrener- 
gic agonists, and the early use of corticosteroids. A 
minority of patients do not respond and require tra- 
cheal intubation and mechanical ventilation. This group 
comprised 2% of 811 patients reported by Scoggin et 
al. with a mortality of 38% among the intubated pa- 
tients (1). The mortality rate in other series of patients 
requiring mechanical ventilation, surveyed by Scog- 
gin et al., ranged from 0% to 38%. Heavy sedation 
and paralysis in intubated patients facilitate mechan- 
ical ventilation by preventing bucking, but have no 
direct bronchodilatory effect (2). Additional phar- 
macologic therapy would be desirable in these pa- 
tients and possible benefits of inhalation anesthetics 
have been considered. 

As a bronchodilator, enflurane is as effective as 
halothane in the ascaris-antigen dog model of asthma 
(6) and is able to block hypocapnic bronchoconstric- 
tion in the canine lung (7). Isoflurane has also been 
shown to be as effective as halothane in attenuating 
allergic bronchoconstriction in an animal model (8). 
Neither isoflurane nor enflurane has been associated 
with arrhythmias in conjunction with epinephrine and 
aminophylline, as halothane has (4,5,9). We therefore 
used these bronchodilating agents in our patients when 
they deteriorated after intubation and paralysis. In 
patient 2 the use of atracurium, which can cause his- 
tamine release, may have contributed to the deteri- 
oration of the patient’s ventilatory status. Nonethe- 
less, the response to enflurane in this patient indicates 
its value in refractory bronchospasm. Our third pa- 
tient showed improvement from a life-threatening sit- 
uation with enflurane, but the response was not as 
complete as in our first two patients. We therefore 
tried isoflurane with resulting dramatic improvement. 
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Echeverria et al. reported a patient with status asth- 
maticus refractory to conventional therapy and me- 
chanical ventilation who failed to respond to enflur- 
ane but responded well to halothane (10). Robertson 
et al. have similarly reported two patients who failed 
to respond to halothane but had a prompt broncho- 
dilator response to diethyl ether (11). 

Our case reports as well as those of others suggest 
there is variability in patient response to inhalational 
anesthetics during status asthmaticus. Failure or in- 
complete response to one agent does not preclude a 
favorable response to another. There have not been 
enough studies to determine if any agent is clearly 
superior. Given the arrhythmogenic potential of halo- 
thane and the risk of explosion and flammability with 
ether we recommend using isoflurane or enflurane 
first and switching to the others should the need arise. 
Isoflurane, which has little effect on cardiac output, 
may be the preferred agent in patients with limited 
cardiac reserve. Further study is needed in this area 
to determine the optimal agent. 

In summary, we describe three patients with status 
asthmaticus refractory to maximal medical therapy 
and mechanical ventilation who, when treated with 
isoflurane and enflurane, had rapid bronchodilation. 
Isoflurane and enflurane are potent bronchodilators; 
moreover, in comparison to halothane they are not 


arrhythmogenic and may be the agents of choice in 


selected cases of refractory status asthmaticus. 
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Letters to the Editor 





A Case of Difficult 
Neonatal Ventilation 


To the Editor: 


We would like to bring to the attention of others an unusual 
problem that we encountered recently. A 15-yr-old patient, 
34-weeks pregnant, was scheduled for elective cesarean sec- 
tion because of severe intrauterine fetal growth retardation 
secondary to severe uncorrected maternal coarctation of the 
aorta. After careful evaluation we decided to proceed with 
a general anesthetic using fentanyl (25 g/kg), in order to 
minimize maternal cardiovascular changes. It was predicted 
that the newborn would exhibit respiratory depression, and 
adequate preparations for its treatment were made. 

The 2400-g baby was, as anticipated, floppy and without 
respiratory effort when delivered, but it appeared otherwise 
normally developed. The baby was intubated without dif- 
ficulty. However, the chest did not expand adequately with 
positive pressure ventilation. Air entry was poor bilaterally, 
and high inspiratory pressures were required for any entry 
to occur. Among the differential diagnoses entertained at 
this moment were meconium aspiration, diaphragmatic 
hernia, pneumothorax, and tracheal or bronchial stenosis 
(1). The diagnosis was made when the IV administration 
of 0.02 mg of naloxone resulted in a sudden and drastic 
reduction of the pressure required to ventilate the neonate. 
After further naloxone and a short period of ventilation, 
spontaneous respirations were established, and the baby 
was extubated without further problems. 

When the anesthetic technique was selected, we antic- 
ipated that the baby was going to be floppy and with res- 
piratory depression. The fentanyl-induced chest wall rigid- 
ity encountered was not predicted. Though previously 
reported in adults (2), the occurrence of fentanyl-induced 
chest wall rigidity with immediate relief after naloxone has 
not, to the best of our knowledge, been previously reported 
in neonates. 


Anthony P. Jarvis, MBBCh, FFARCS 
Carlos U. Arancibia, MD 


Department of Anesthesiology 
University of Oklahoma 
College of Medicine 
Oklahoma City, OK 73104 
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Esophageal Activity and 
Light Anesthesia 


To the Editor: 


Dr. Meyer is to be congratulated on his clinical acumen in 
observing changes in the quality of heart and breath sounds, 
accompanied by “swallowing” noises, during lightening 
anesthesia (1). 

The human esophagus is exceptional in that the mus- 
culature of its lower half is nonstriated and thus unaffected 
by skeletal muscle relaxants; the usual experimental ana- 
logue of the human esophagus is found in the American 
opossum. During lightening anesthesia in humans one can 
observe a progressive increase in lower esophageal con- 
tractility (LEC). These contractions have typical amplitudes 
of 40-50 mm Hg, but can exceed 100 mm Hg and have a 
duration of up to 10 sec (Fig. 1). Physiologically they rep- 
resent stress-induced nonpropulsive tertiary contractions 
arising from increasing activity in the esophageal motility 
center (vagal motor nuclei and adjacent reticular formation) 
in the brain stem mediated via the vagus nerve (2,3). 

Suppression of LEC can be achieved by increasing the 
depth of anesthesia with either inhalational or intravenous 
agents. LEC can be detected by auscultatory muffling as 
Dr. Meyer describes but may also be apparent as a rustling 
of the cuff of the esophageal stethoscope; presumably the 
compression of the esophageal cuff against the main body 
of the stethoscope creates noise and the compressed cuff 
transmits sound poorly. 

LEC is not directly affected by muscle relaxants and can 
certainly be recorded during total skeletal muscle paralysis. 
The only exception to this rule relates to curare—its gan- 
glion blocking side effect may transiently interfere with re- 
cordings of LEC. If the esophageal stethoscope is positioned 
in the upper esophagus the sign will disappear with full 
muscle paralysis. 
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Figure 1. Progressive increase in lower esophageal contractility 
seen during lightening anesthesia. 


Monitoring LEC does provide the anesthesiologist with 
a useful additional guide to the adequacy of anesthesia (4). 


John Evans, FFARCS 

Nuffield Department of Anaesthesia 
Radcliffe Infirmary 

Oxford OX2 6HE 

England 
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Prolonged Unilateral Mydriasis after 
Nasal Septal Reconstruction 


To the Editor: 


Prolonged unilateral mydriasis after anesthesia may denote 
a severe neurologic insult. We have recently encountered 
an unusual case of persistent, postoperative unilateral my- 
driasis (anisocoria) in which the mechanism did not involve 
tissue injury. 

A healthy 61-yr-old male received enflurane and N-O 
anesthesia for nasal septal reconstruction. Intraoperatively, 
the patient’s eyes were closed and covered with gauze 
sponges that were taped in place, and the ocular padding 
was covered by a dressing that encircled the head. The 
supine patient was placed slightly head-down, and the neck 
was hyperextended. The surgeon injected 5 ml of lidocaine 
1% with 10 ug/ml epinephrine into the nasal septum, fol- 
lowed 5 min later by injection of an additional 2 ml of the 
same solution. During the procedure, the nasal mucosa was 





5 
fe 
Its 
iB 
pa 


ANESTH ANALG 197 
1987:66: 196-9 


























EN 
Ten 2 
feat $ aaa Sanam ea 
wwe a 
ead 


e E mE 
E E eee 
Se Seis aust ENA n dee ER GE EE TR ER IHHT HE 
e E eta ER E EE ESIN Steen EEIE d] VE 
RARAANNANANSAN A NEEEM E 


also swabbed with felt pledgetts soaked in a 5% solution of 
cocaine. Vital signs remained stable, and surgery proceeded 
unevertfully for 40 min. At the conclusion of the anesthetic, 
the patient was alert, comfortable, and responded to com- 
mands appropriately; however, the right pupil was noted 
to be widely dilated and unresponsive to light. The patient 
also complained of blurred vision in the right eye. Complete 
neurolegic exam revealed no other deficits; specifically, the 
extraocular muscles of the right eye functioned normally. 
The opinion of the consulting ophthalmologist was that the 
physical findings suggested a drug induced mydriasis, and 
we decided to simply observe the patient. Eight hours after 
admission to the recovery room, the patient’s right pupil 
began responding to light, and 18 hr after surgery, the 
ocular and neurologic examinations were normal. 

Drug-induced mydriasis may result from intravascular 
or topal applications of local anesthetics, catecholamines, 
or catecholamine-releasing drugs. Previous reports of uni- 
lateral mydriasis have implicated the spread of local anes- 
thetics through the inferior orbital fissure after block of the 
second division of the trigeminal nerve (1), as well as ret- 
rograce passage of local anesthetic from the superior al- 
veolar artery to the ophthalmic artery (2), both during tooth 
extractions. We believe that neither of these mechanisms is 
appliceble to the case at hand because the only injection of 
local anesthetic in our patient was into the nasal septum, 
well away from major arteries and the inferior orbital fis- 
sure. Due to the manner in which our patient’s eyes were 
protected, it is possible that the unilateral mydriasis resulted 
from retrograde passage of cocaine (from soaked pledgettes) 
down the nasolacrimal duct to the eye. 

The nasolacrimal duct normally functions to drain tears 
from ‘he surface of the eye (via the puncta and lacrimal sac) 
to the-nose. It is approximately 1.6 cm in length and contains 
numerous “valves” (3). The valves are folds of vessel-rich 
mucous membranes that have little if any valvular function, 
as flusds and air can be forced up the duct to come out at 
the puncta (3,4). Placing a patient in the supine position 
with the neck hyperextended—as was true of our patient— 
would result in a near vertical path from the inferior nasal 
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meatus to the eye. Thus it is possible in our patient that 
cocaine could have passively drained retrograde from the 
inferior nasal meatus to the eye, resulting in unilateral my- 
driasis. This passage of local anesthetic could have been 
facilitated by the ability of cocaine to shrink mucous mem- 
branes by its vasoconstrictive effects. 

In summary, we report an unusual case of pro longed 
unilateral mydriasis after nasal septal reconstruction in which 
the mechanism may have involved the retrograde passage 
of cocaine to the eye via the nasolacrimal duct. 


Beth E. Gibson, Mp 

Robert J. Stanley, MD 

William L. Lanier, MD 

Departments of Anesthesiology and Otorhinolaryngology 


Mayo Clinic and Mayo Medical School 
Rochester, MN 55905 
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A Simple Way to Limit Anesthetic 
Pollution during Anesthetic 
Induction 


To the Editor: 


During anesthetic induction there can be a significant amount 
of anesthetic gas pollution in the operating room during 
the period when an anesthetic mask is removed from the 
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Figure 1.. Pediatric circuit occluded by 
-cc syringe container and adult circuit 
occluded by 12-cc syringe container. 


patient and endotracheal intubation is accomplished. By 
using the technique described below, this pollution is min- 
imized. A secondary benefit is that the operating room staff 
has increased awareness that the anesthesiologist is taking 
as many precautions as possible to limit environmental haz- 
ards. 

The hard plastic containers from the needleless Monoject 
6-cc and 12-ce syringes (Sherwood Medical, St. Louis, MO 
63103) nicely occlude the anesthetic circuit using the pe- 
diatric (Rendell-Baker-Soucek, Ohio Medical Products, 
Madison WI 53701) and adult (Puritan anti-static, Puritan- 
Bennett Corp., Kansas City, MO 64106) masks available in 
our operating room (Fig. 1). During laryngoscopy the in- 
duction concentration of anesthetic gasses continue to flow 
with the circuit-mask unit occluded by the s syringe container 
plug allowing the gasses to escape into the scavenge circuit. 
After intubation the syringe container plug is removed and 
the circuit is reconnected to the endotracheal tube. 


James A. Tharp, MD 
Department of Anesthesiology 
The Children’s Hospital 
Denver, CO 80218 
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Difficult Airway? 


To the Editor: 


Recently I had an experience in the operating room that I 
would like to share with others. I had a healthy 28-yr old 
male patient, ASA I, for facial scar revision and reconstruc- 
tion of the nose. The patient had a history of facial burns 
six months prior to this procedure. He could open his mouth 
only 1.5-2 cm because of scar tissue on his face involving 
both angles of the mouth. In view of this, | decided during 
my preoperative visit that an awake tracheal intubation us- 
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ing a fiberoptic laryngoscope was indicated. The necessity 
of this procedure was explained to the patient and he was 
agreeable to it. 

The patient was taken to the operating room the next 
morning with adequate sedation and preparation for awake 
oral intubation. In the operating room the surgeon sug- 
gested that he could increase the opening of the mouth by 
cutting the scar after local infiltration of lidocaine. | agreed 
with this suggestion. This simple step facilitated proceeding 
with induction of general anesthesia and subsequent in- 
tubation, with the patient asleep. Awake intubation had 
been avoided, and the procedure was uneventful. 

The above incidence points out how easy it is to let tunnel 
vision prevent us from thinking of simpler alternatives in 
anesthesia. 


Une pie af ‘Chica ago 
Chicago, IL 60637 








Does Silent Aspiration during 
Endotracheal Anesthesia Cause 
Pulmonary Aspiration Syndrome? 


To the Editor: 


I read with interest the study by Petring et al. of silent 
aspiration due to leaks around cuff of endotracheal tube 
(1). In their discussion, the authors indicate that severe lung 
damage is a complication of silent aspiration during en- 
dotracheal anesthesia. So-called silent aspiration during 
anesthesia with or without endotracheal intubation has long 
been recognized in practice. My search of the literature 
(Table 1), however, failed to produce evidence of pulmo- 
nary complications due to silent aspiration during endotra- 
cheal anesthesia. Material that is silently aspirated during 
general anesthesia could consist of one or more of a mixture 
of saliva, regurgitated gastric contents, lubricant applied to 
the endotracheal tube, nasal secretions, secretions from si- 
nuses, tracheal secretions, and even blood associated with 
trauma during laryngoscopy and intubation. This liquid, 
laryngotracheal residue, will accumulate above the cuff of 
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Table 1: Incidence of Silent Aspiration During Anesthesia 
Incidence of 
Number aspiration Pulmonary 

Authors of cases (Ce) complications 
Culver & al. (2) 300 16.3 None 
Bood Adriani (3) 926 7 None 
Lincoln (4) 50 0 None 
Marshal and Gordon (5) 219 0.5 Nene 
Gardner and Prver (6) 109 4 None 
Blitt etal. (7) 900 0.6 None 
Turnde®: et al. (8) 152 0 None 





endotracheal tube and above the larynx before aspiration 
occurs. The characteristics of this laryngotracheal residue 
including pH, viscosity, and volume need to be quantitated, 
but after my review of the literature I do not believe that 
the pH and the quantity of aspirate meet the widely cited 
risk factors of a pH below 2.5 and a volume above 25 ml. 
Therefore it appears unlikely that pulmonary aspiration 
syndrome results from silent aspiration during endotracheal 
anesthesia. 








Chong M. Lee, MD 

Departmaent of Anesthesiology 

St. Elizabeth Hospital Medical Center 
Youngstown, OH 44501 
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Book Reviews 





Extracorporeal Shock Wave Lithotripsy for 
Renal Stone Disease 

Joachim S. Gravenstein and Klaus Peter, eds. Boston: 
Butterworths, 1986, 158 pp, $19.95. 


In 1980 the first patient to have a renal stone successfully 
pulverized by the energy in shock waves generated outside 
of his body and brought to focus on a concretion within the 
renal collecting system was treated at the University of Mu- 
nich. The process has become known as extracorporeal shock 
wave lithotripsy (ESWL). The apparatus was developed by 
Dornier System GmbH of the Federal Republic of Germany. 

This volume is the result of a conference held in January 
1985 attended by physicians from the University of Florida 
and the University of Munich and by engineers from Dor- 
nier. What has been recorded in this volume is “. . . an 
initial overview of the theory and application of this new 
technique, which carries such promise for better patient 
care.” Although the text is typeset, the book is obviously 
a collection of papers presented at the symposium, with 
the result that the style is what would be expected to be 
found in speakers’ notes. 

There are several chapters devoted to descriptions of 
physical and engineering considerations necessary to produce 
and focus shock waves. In interesting early chapters, the 
reader is made aware that these events occur within the 


more energy than physicians are accustomed to using is 
required to produce the therapeutic shock waves. 

A brief section describes the electrical safety of the ma- 
chine in terms of the manner in which the current producing 
the electrical discharge leading to the production of the 
shock wave is conducted through the water bath surround- 
ing the patient, and how small and transient the currents 
are that actually reach the patient. Anesthesiologists, who 
are ordinarily concerned with the hazards of microampere 
currents leading to ventricular fibrillation, will find that this 
discussion leaves many unanswered questions concerning 
the ultimate safety of the lithotriptor because of the large 
amount of power available from the power mains to the 
apparatus. A later chapter discusses cardiovascular changes 
that occur with immersion in patients monitored with cen- 
tral venous or pulmonary arterial lines. This raises a second, 
unanswered question concerning the potential for problems 
with leakage currents and suggests a future examination of 
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the interaction of currents which might develop with var- 
ious failure modes of the lithotriptor and/or monitoring ap- 
paratus. 

The chapters dealing with specific anesthesia techniques 
for patients undergoing ESWL indicate that the German 
experience has favored peridural anesthesia. The group from 
the United States proposes that high frequency jet venti- 
lation might be used as a way to minimize the movement 
of the stone and, hence, effect the delivery of more energy 
to the stone being treated than would occur with movement 
of the kidney as a consequence of tidal ventilation with 
either peridural or conventional general anesthesia. Again, 
clarification of this question must await studies with ap- 
propriate controls. 

The chapters dealing with complications discuss deep 
venous thrombosis, effects of immersion in patients with 
marginally compensated congestive heart failure, ventric- 
ular tachycardia, post-treatment hypertension, and intra- 
renal and perirenal hematomas. Unfortunately, because of 
the small sample sizes, most of these case reports have only 
limited usefulness in guiding patient selection. 

This book will be of interest to all those working in the 
field and will find a place in many departmental libraries. 
It suggests a number of issues that deserve further study. 
It is clear that ESWL has revolutionized the treatment of 
renal stones, and the clinical experience will continue to 
expand. This reviewer predicts that the next symposium 
will be much larger and will begin to report controlled 
studies. 

Wiliam T. Ross, MD 

Associate Professor of Anesthesiology 
Liniversity of Virginia 
Charlottesville, VA 22908 








Geriatric Anesthesia: Principles and Practice 
C. R. Stephen and R. A. E. Assaf, eds. Stoneham, MA: 
Butterworths, 1986, 376 pp, $44.95. 


As surgical intervention becomes more aggressive in the 
aged, an increasing number of individuals over age 65 will 
require anesthesia. It is therefore timely that a text such as 
Geriatric Anesthesia: Principles and Practice is available for ref- 
erence. The text features 15 chapters authored primarily by 
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anesthesiologists and internists from Europe, the United 
States and Australia. 

The text opens with an excellent review of the aging 
cardiovascular system. In this chapter, Lakatta and Fleg 
present a state-of-the-art summary of physiologic changes 
in the cardiovascular system which have been observed in 
longitudinal aging studies. They disprove the long-held 
contention that myocardial atrophy occurs with aging and 
discuss the compensatory mechanisms the elderly cardiac 
system employs in response to stress. For instance, com- 
pared to younger individuals, the aged myocardium at rest 
has a slower heart rate, a higher end-systolic volume, and 
a reduced ejection fraction. During exercise or other stress, 
cardiac output in the elderly patient is enhanced not so 
much by tachycardia as by an increased end-diastolic vol- 
ume resulting in a greater stroke volume. They emphasize 
the fact that aging is only one of three important factors 
affecting the cardiovascular system in geriatric patients; the 
other two are the development of cardiovascular disease 
and the effect of different life styles. They suggest that the 
hemodynamic response of elderly subjects to exercise or 
other stresses may be significantly improved by long term 
physical conditioning. 

The chapter dealing with evaluation of cardiovascular 
risk in elderly patients reviews the morbidity and mortality 
of aging members of society caused by a diseased cardio- 
vascular system. Unfortunately, this chapter does not dis- 
cuss in any detail the risk cardiovascular aging produces 
for elderly patients undergoing anesthesia and surgery. The 
same criticism applies to the chapters, “Brain and Neuro- 
endocrine System,” “Aging and the Kidney,” and ‘‘Alter- 
ations in Drug Disposition.” 

A well-illustrated chapter by Kefrak et al, provides an 
excellent review of the structural and functional changes of 
the aging respiratory system. More important, insight is 
gleaned as to the clinical significance of these changes for 
patients undergoing anesthesia and surgery. They empha- 
size that elderly patients are less adept at meeting respi- 
ratory demands induced by hypoxemia or increased CO, 
production. The authors further explain that the pulmonary 
changes of aging are similar to, but less severe than, those 
of emphysema. With both processes, respiratory parame- 
ters are disturbed from normal in like fashion, but a healthy 
aged lung may be far less afflicted than a younger lung with 
the disease process of emphysema. 

Tasch and Stoelting render a fine review of changes in 
the autonomic nervous system induced by aging. They draw 
the attention of the anesthesiologist to the importance of 
this system, not just in maintaining cardiovascular home- 
ostasis, but to the equally important function of maintaining 
thermal stability and make clinical suggestions as to how 
normothermia may be maintained in elderly patients in an 
operating room setting. 

Adverse drug interactions during anesthesia is a topic 
of interest to anesthesiologists, especially as we gain an 
appreciation that elderly patients are frequently walking 
drug stores, receiving medications from multiple physicians 
or from over-the-counter sources. Although a general table 
of drug interactions may be found in the chapter by Ra- 


*ANESTH ANALG 201 
1987:66:200--2 


madhyani and Grogono, the chapter would be significantly 
improved by expanding the discussion of potential adverse 
interacbons of anesthetic agents with medications com- 
monly eonsumed by the elderly. 

A good, common-sense approach to preoperative eval- 
uation and premedication of the elderly is suggested in a 
chapter authored by the editors of text, who describe im- 
portant factors to consider preoperatively and discuss the 
rationale for administering or withholding preoperative 
medication. Similarly, Sullivan and Siker have provided in- 
sight irto the potential pros and cons of regional anesthesia 
for the elderly, a topic worthy of elaboration. 

The chapters dealing with the effects of anesthetics on 
the aging heart and with anesthesia management of the 
aged, aypertensive patient are detailed and well docu- 
mented. Gravenstein and Paulus have presented a well il- 
lustrated treatise of appropriate monitoring during anes- 
thesia. However, this chapter also fails to focus on how 
these monitors should be applied to elderly patients. 

The concluding chapter by Stephen describes an epi- 
demioiogic study of risk factors and outcome in elderly 
patients. This is perhaps the topic of greatest interest to 
anesthesiologists today. What are the important preoper- 
ative variables that determine the eventual outcome of ger- 
iatric surgical patients? What types of anesthesia are asso- 
ciated with the lowest risk of morbidity and mortality in 
this patient population? This chapter concentrates on a sin- 
gle study contributing to this literature. This topic will need 
continued elaboration and updating as time progresses. 

In summary, Geriatric Anesthesia provides useful infor- 
mation to the practicing clinician. Most of the topics ad- 
dressed are discussed lucidly. The text would have been 
improved in many sections if more specific suggestions had 
been made regarding how geriatric patients undergoing 
anesthesia and surgery should be handled in the clinical 
setting. Although the text is fairly comprehensive, there are 
gaps m its coverage. For instance, a discussion of aging 
changes in the endocrine system needs to be included as 
does a discussion of how the use of specific anesthetic drugs 
may be altered in elderly patients. Finally, in light of chang- 
ing hospital practices, a discussion is warranted of how 
geriatric patients should be managed when receiving anes- 
thesia in either an outpatient or an out-of-operating room 





Charles H. McLeskey, mp 
Assocete Professor 

Deparenent of Anesthesiology 
University of Texas Medical Branch 
Galveston, TX 77550-2778 











Carciovascular Actions of Anesthetics and 
Drugs Used in Anesthesia. Volume 1: 

Basic Aspects 

B. M. Altura and S. Halvey, eds. Basel: S. Karger AG, 
1986: 268 pp. $108.50. 


This book is the first of two volumes covering the effects 
on the cardiovascular system of anesthetics and other drugs 
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used in anesthesia. The editors, both noted workers in mi- 
crocirculation, have set out with the laudable aim of col- 
lecting, in a critical and state-of-the-art fashion, a series of 
treatise that will be useful for clinicians as well as research 
scientists and serious students. The contributors are drawn 
from both North America and Europe, adding to the con- 
siderable diversity in perspectives and styles of writing. 
Much of the information has been published in similar 
form in recent publications, with two noted exceptions. 
Deligne, from France, provided a detailed and updated re- 
view of neuroleptic drugs, many unfamiliar to North Amer- 
ica, that is a welcome addition to the English literature. His 
eloquent defense of neuroleptic technique is thought-pro- 
voking to those weaned on “cardiovascular stability” and 
“pure narcotics.” Philbin’s chapter on neurohumoral sub- 
stances released during anesthesia is a short and selective 
summary of this vast and exploding area of knowledge. 
Sonntag’s discussion of narcotics is refreshing and clear. 
Given the familiarity and fundamental nature of the sub- 
ject matter, this reviewer chose to judge this volume against 
the aims and standards set forth by its editors. The aim to 
reach a wide readership with a book of this modest size 
unfortunately will make it unsatisfactory for many of its 
intended readers. For example, clinical and laboratory re- 
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sults are often not clearly delineated. The methodologic 
aspect of studying drug effects and interspecies variation 
received no separate treatment. Selection of topics is ob- 
viously limited. The laboratory worker will find no mention 
of chlorolase or pentobarbital, whereas the clinician will not 
find information on anticholinergic drugs or vasodilators. 

Although most of the chapters are well-referenced, the 
critical element is often lacking. Some references are quoted 
out of context or simply misquoted. The serious reader will 
be well-advised to go to the actual references in key areas. 
Thiopental and ketamine are discussed by two authors with 
conflicting statements. Yet, the reader is urged by each 
author to consult the other for further details. This book 
merits a place on the library shelf for some of the chapters. 
However, the price will put it out of the reach of most 
personal budgets. Clinicians or trainees who desire a per- 
sonal reference volume in this field will probably find a 
better bargain in other monographs. 


Hak Yui Wong, MD 

Department of Anesthesia 

Northwestern University Medical School 
Chicago, IL 60611 
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and long procedures 





CONTINUOUS INFUSION r 2ACRIUM' 


NEW...GUNTINUUUS INFUSIUN 


Smoother control 


Continuous infusion represents a significant advance in 
the delivery of nondepolarizing neuromuscular blockade. 
Continuous infusion of TRACRIUM® (atracurium besylate) 
offers advantages over repeated bolus doses of inter- 
mediate or long-acting neuromuscular blockers for 
maintaining smoother, continuous muscle 

relaxation in procedures ranging 

from 30 minutes to several hours. 


Unique metabolism— 
ideal for infusion ar 


The intermediate duration of TRACRIUM* 

allows rapid and accurate titration of 

neuromuscular blockade throughout the 

procedure, unlike longer-acting agents. 

The unique metabolism, independent of liver 

or kidney function, eliminates the need for age- 
related adjustments. TRACRIUM® also produces 

no cumulative effects when infusion dosage rate is 
administered and monitored so as to maintain neuro- 
muscular block between 89% and 99%. This results in a 
recovery profile similar to an initial bolus dose. 


Patients receiving TRACRIUM® by continuous infusion 

should be monitored carefully to assure continuous, ade- 
quate control of neuromuscular blockade throughout the 
procedure. Infusion requirements for each patient must be 
individualized, based on monitoring of the twitch response. 


Convenient to prepare 


To prepare a 0.5 mg/mL solution for infusion, mix 5 mL 
TRACRIUM® (atracurium besylate) with 95 mL of diluent 
(Dextrose 5%, 0.9% Sodium Chloride Injection, or 
Dextrose 5%/Sodium Chloride 0.9% Injection). Infusion 
solutions should be used within 24 hours. Lactated 
Ringers Injection is not recommended for preparation 
of TRACRIUM" infusion solutions. 


NEW 
CONTINUOUS INFUSION 





Wellcome BR / peen North Caoa ina 27700. 











TRACRIUM (atracurium besylate) 


Predictable recovery 


Spontaneous recovery following discontinuation of 
TRACRIUM® infusion may be expected to proceed at 
the same predictable rate, comparable to that following 
an initial bolus dose. 


Guidelines for administration 


Initial loading dose: Administer an initial bolus dose of 
0.3-0.5 mg/kg (approximately 21-35 mg in a 70 kg adult). 


Initial infusion dose: infuse TRACRIUM" at a rate of 9-10 
/ ug/kg/min te maintain 89-99% neuromuscular block- 
ade until steady-state relaxation is achieved. Dosage 


should be titrated to the individual patient's needs. 
Maintenance infusion dose: Once steady-state neuro- 
muscular blockade is achieved, an infusion rate of 

* oe 


5-9 ug/kg/min is adequate to maintain continuous 
blockade in the 89-99% range for most patients under 
balanced anesthesia. Occasional patients may require 
as little as 2 ug/kg/min, or as much as 15 jug/kg/min 
for maintenance. 
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ACURIUM BES! Dose Calculations: 
X Sa TRACRIUM INFUSION INFUSION DELIVERY RATE 
SSS, DELIVERY RATE 0.5 mg/mL SOLUTION 
“i movas wese “ g/kg/min mL/kg/min mL/kg/hr 
Se. -a 5 0.010 0.60 
6 0.012 0.72 
7 0.014 0.84 
8 0.016 0.96 
9 0.018 1.08 
10 0.020 1.20 





Maintenance infusion rates should be reduced by 
approximately one-third in the presence of steady- 
state enflurane or isoflurane; smaller reductions are 
required for halothane. Hypothermia (25°C-28°C) can 
prolong the effect of surgical relaxation, so infusion 
rate should be reduced by about one-half during the 
hypothermic period. 


TRACRIUM 





Available in cost-effective multi-dose vials 


Please see brief summary of prescribing information on the following page 
Copr ©1986 Burroughs Wellcome Co. All rights reserved. 


TRACRIUM® INJECTION 
(atracurium besylate) 


This drug should be used only by adequately trained individuals familiar with its actions. 
characteristics. and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY 
AVAILABLE FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLEDING 
ADMINISTRATION OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE 
ASSURED THROUGH ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERAS 
REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness. pain threshold, or cerebration. It should se used 
only with adequate anesthesia. 


Tracrium injection, which has an acid pH, should not be mixed with alkaline solutions (e3. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous 
infusion through the same needle. Depending on the resultant pH of such mixtures. Tracrem may 
be inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibility of substantial histamine release in sensitive individuals must be 
considered. Special caution should be exercised in administering Tracrium to patients in whom 
substantial histamine release would be especially hazardous (e.g.. patients with clinically: 
significant cardiovascular disease) and in patients with any history (e.g., severe anaphylaztoid 
reactions or asthma) suggesting a greater risk of histamine release. In these patients, the 
recommended initial Tracrium dose is lower (0.3 to 0.4 mg/kg) than for other patients and:should 
be administered slowly or in divided doses over one minute. 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage 
range, it will not counteract the bradycardia produced by many anesthetic agents or vage 
stimulation. As a result, bradycardia during anesthesia may be more common with Tracrium than 
with other muscle relaxants. 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing agerts has 
been noted. The use of a peripheral nerve stimulator is especially important for assessing 
neuromuscular blockade in these patients. Similar precautions should be taken in patients with 
severe electrolyte disorders or carcinomatosis, 


The safety of Tracrium has not been established in patients with bronchial asthma. 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrum 
include: enflurane; isoflurane; halothane: certain antibiotics, especially the aminoglycosides and 
polymyxins: lithium: magnesium satts; procainamide; and quinidine. 


if other muscle relaxants are used during the same procedure, the possibility of a synergetic or 
antagonist effect should be considered. 


Pregnancy: Jeratogenic Effects: Pregnancy Category C. There are no adequate and 
well-controiled studies in pregnant women. Tracrium should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: it is not known whether muscle relaxants administered during vagina: 
delivery have immediate or delayed adverse effects on the fetus or increase the likelihood zhat 
resuscitation of the newborn will be necessary. The possibility that forceps delivery will be 
necessary May increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, 
although small amounts of Tracrium were shown to cross the placental barrier. The possibcty of 
respiratory depression in the newborn infant should always be considered following cesarean 
section during which a neuromuscular blocking agent has been administered. In patients 
receiving magnesium sulfate, the reversal of neuromuscular blockade may be unsatisfactory and 
Tracrium dose should be lowered as indicated. 


Nursing Mothers: it is not known whether the drug is excreted in human milk. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive clinical trials. Most were suggestive of histamine release (see Precautions Section}. 
The overall incidence rate for clinically important adverse reactions was 7/875 or 0.8%. 


Most adverse reactions were of little clinical significance unless they were associated with 
significant hemodynamic changes. Substantial vital sign changes greater than 30% observed in 
530 patients, without cardiovascular disease, were as follows: in those patients given the recom- 
mended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium. mean arterial pressure increased 
in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% of these 
patients with 0 % change in heart rate. At doses of > 0.60 mg/kg, 14.3% of the studied patients 
had a decrease in mean arterial pressure while 4.8% had an increase in heart rate. 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom 
of approximately 3 million patients given Tracrium the following adverse reactions are amon: the 
most frequent reported: General: allergic reactions (anaphylactic or anaphylactoid) which, irerare 
instances, were severe (¢.g., cardiac arrest): Musculoskeletal: inadequate, prolonged block. 
Cardiovascular: hypotension, tachycardia, bradycardia, Respiratory. dyspnea, bronchospas™. 
laryngospasm;, integumentary: rash. urticaria. injection site reaction. 


DOSAGE AND ADMINISTRATION: Tracrium should be administered intravenously, DO NOT GIVE 
TRAGRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Research Triangle Park 


iral Burroughs Wellcome Co. 
Wellcome / North Carolina 27709 


Bolus Doses for Intubation and Maintenance of Neuromuscular Blockade: 

Adults: A Tracrium dose of 0.4 to 0.5 mg/kg, given as an intravenous bolus injection, is the 
recommended initial dose for most patients. With this dose. good or excellent conditions for 
nonemergency intubation can be expected in 2 to 2.5 minutes in most patients, with maximum 
neuromuscular blockade achieved approximately 3 to 5 minutes after injection. Clinically required 
neuromuscular blockade generally lasts 20 to 35 minutes under balanced anesthesia. Under 
balanced anesthesia, recovery to 25% of control is achieved approximately 35 to 45 minutes after 
injection. and recovery is usually 95% complete approximately 60 minutes after injection. 


Tracrium is potentiated by isoflurane or enflurane anesthesia. The same initial Tracrium dose of 
0.4 to 0.5 mg/kg may be used for intubation prior to administration of these inhalation agents: 
however, if Tracrium is first administered under steady state of isoflurane or enflurane, the initial 
Tracnum dose should be reduced by approximately one-third, ie., to 0.25 to 0.35 mg/kg, to 
adjust for the potentiating effects of these anesthetic agents. With halothane, which has only a 
marginai (approximately 20%) potentiating effect on Tracrium, smalter dosage reductions may 
be considered. 


Tracrium doses of 0.08 to 0.10 mg/kg are recommended for maintenance of neuromuscular 
blockade during prolonged surgical procedures. The first maintenance dose will generally be 
required 20 to 45 minutes after the initial Tracrium injection, but the need for maintenance doses 
should be determined by clinical criteria. 


Children and infants: No Tracrium dosage adjustments are required for pediatric patients two 
years of age or older. A Tracrium dose of 0.3 to 0.4 mg/kg is recommended as the initial dose for 
infants {1 month to 2 years of age) under halothane anesthesia. Maintenance doses may be 
required with slightly greater frequency in infants and children than in adults. 


Special Considerations: An initia! Tracrium dose of 0.3 to 0.4 mg/kg, given slowly or in divided 
doses over one minute. is recommended for adults, children, or infants with significant 
cardiovascular disease and for adults, children, or infants with any history (e.¢., severe 
anaphylactoid reactions or asthma} suggesting a greater risk of histamine release. 


Dosage reductions must be considered also in patients with neuromuscular disease, severe 
electrolyte disorders. or carcinomatosis in which potentiation of neuromuscular blockade or 
difficulties with reversal have been demonstrated. There has been no clinical experience with 
Tracrium in these patients, and no specific dosage adiustments can be recommended. No 
Tracrium dosage adjustments are required for patients with renal disease. 


Use by infusion: After administration of a recommended initial bolus dose of Tracrium (0.3 to 0.5 
mg/kg}, a diluted solution of Tracrium can be administered by continuous infusion to adults and 
children aged 2 or more years for maintenance of neuromuscular blockade during extended 
surgical procedures. Infusion of Tracriurm should be individualized for each patient. The rate of 
administration should be adjusted according to the patient's response as determined by 
peripheral nerve stimulation. 


infusion of Tracrium should be initiated only after early evidence of spontaneous recovery from 
the bolus dose. An initial infusion rate of 9 to 10 „g/kg/min may be required to rapidly counteract 
the spontaneous recovery of neuromuscular function. Thereafter, a rate of 5 to 9 ug/kg/min 
should be adequate to maintain continuous neuromuscular blockade in the range of 89 to 99% 
in most pediatric and adult patients under balanced anesthesia. 


The neuromuscular blocking effect of Tracrium administered by infusion is potentiated by 
enflurane or isoflurane and, to a lesser extent, by halothane. Reduction in the infusion rate of 
Tracrium should, therefore. be considered for patients receiving inhalation anesthesia. The rate of 
Tracrium infusion should be reduced by approximately one-third in the presence of steady-state 
enfiurane or isoflurane anesthesia: smaller reductions should be considered in the presence of 
halothane. in patients undergoing cardiopulmonary bypass with induced hypothermia, the rate of 
infusion of Tracrium required to maintain adequate surgical relaxation during hypothermia (25° 
to 28°C) has been shown to be approximately half the rate required during normothermia. 


Spontaneous recovery from neuromuscular blockade following discontinuation of Tracrium 
infusion may be expected to proceed at a rate comparable to that following administration of a 
singe bolus dose. 


Tracrium infusion solutions may be prepared by admixing Tracrium injection with an appropriate 
diluent such as 5% Dextrose Injection USP. 0.9% Sodium Chionde injection USP. or 5% 
Dextrose and 0.9% Sodium Chloride Injection USP. infusion solutions should be used within 24 
hours of preparation. Spontaneous degradation of Tracrium has been demonstrated to occur 
more rapidly in lactated Ringer's solution than in 0.9% sodium chloride solution. Therefore, it is 
recommended that Lactated Ringer's injection USP not be used as a diluent in preparing 
solutions of Tracrium for infusion. 


The amount of infusion solution required per minute will depend upon the concentration of 
Tracrium in the infusion solution and the dose of Tracrium desired (see table). 


Tracrium (atracurium besylate}—Rates of 
infusion for Concentrations of 0.2 and 0.5 mg/mi 










Infusion Delivery Rate (mi/kg/min) 





Drug Delivery Rate 
(.g/kg/min} 











0.2 mg/ml’ 0.5 mg/mi** 







0.025 


i 
6 | 0.030 0.012 
| 7 | 0.035 | 0.014 | 
| 8 | 0.040 | 0.016 | 
| 9 | 0.045 | 0.018 
10 0.050 | 0.020 





*2 ml of 1% (10 mg/ml} Tracrium injection added to 98 mi of diluent 
**5 mi of 19 (10 mg/ml) Tracrium Injection added to 95 mi of diluent 


U.S. Patent No. 4479507 
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TWO COMPLEMENTARY TITLES FROM ELSEVIER 
Head Injury and the Anaesthetist 


It is believed that the anaesthetist will 
continue to have an important roll to 
play in the overall care of the head- 
injured patient, an involvement that 
should go far beyond the ‘provision of 
technical assistance in the care of the 
unconscious patient and of anaesthesia 
for surgical procedures’. The contents 
of this monograph will inform the 
anaesthetist about some of the wider 
aspects associated with trauma to the 
head, and so enable him to participate 
fully in the care of these patients. 


CONTENTS: List of Contributors. 
Preface. 1. The pathology of head 





edited by W. Fitch and J. Barker 


injury (D. I. Graham). 2. The path: 
physiology of head injury 9. D. Piller). 
3. Pulmonary function in the hegg- 
injured patient (S. Jennett}. 4. The 
clinical assessment of the head- 
injured patient (G. Teasdale). 5. The 
immediate care and transportation of 
the head-injured patient (S. Galbraith). 
6. Anaesthesia and the head-injmred 
patient (J. Barker). 7. The post- 
operative care of the head-injured 
patient (J. M. Horton}. 8. Artificial 
ventilation in the management &f the 
head-injured patient (D. G. McDowall). 
9. Intracranial pressure monitorag in 
the management of the head-in‘ured 





patient (S. Galbraith). 10. Extracranial 
injuries-facial injuries (J. P. Vance}. 11. 
Extracranial injuries-chest injuries 

(A. B. M. Telfer}. 12. The use of 
barbiturate therapy in the manage- 
ment of the head-injured patient (H. M. 
Shapiro, B. J. Dunlop and L. F., 
Marshall). 13. Brain death (W. Fitch). 
14. Future developments in the care of 
the head-injured patient (B. Jennett). 
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International Resuscitation Days 


Proceedings of the 2nd International Resuscitation Days 


The success of the first meeting of 

the International Resuscitation Days 
inspired the organization of a second 
symposium upon which this book is 
based. The two main topics of this 
symposium were shock and 
parenchymal acute respiratory failure. 
Once again, great interest was elicited 
by original contributions dealing with 
the most recent advances in these two 
fields of intensive care. The contents of 
this proceedings volume will certainly 
constitute a valuable source of 
information for those working in 
intensive care throughout the world. 


Contents: Lectures. The ethics of 
intensive care (M. Rapin). Oximetry in 
the weaning of the ventilator patient 
{O. Prakash}. Cellular Anoxia and 
Shock: An Update. The role of the 
mitochondrial oxidative damage in the 
pathogenesis of circulatory shock in 
humans (C. G. Corbucci, A. Gasparetto, 
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M. Antonelli, M. Bufi, R. A. De Biasi, 
and G. Crimi}. Mechanisms and 
therapy of septic shock (L. B. Hinshaw). 
Endogenous opioids and other peptides 
in shock, spinal trauma and strecke 

0]. W. Holaday, E. W. Bernton, R.C. 
Kinney, J. B. Long and D. S. Maleelm). 
Thromboxanes and leukotrienes as 
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high frequency jet ventilation (G. 
Damia, A. Pelizzola, M. Solca, M, 
Cigada and A. Elena). Pathophysiolo- 
gical considerations on special modes 
of ventilation in severe respiratory 
distress syndrome (B. Jonson, E. 
Evander, B. Lachmann and P. Wollmer). 
Clinical applications of combined high 
frequency ventilation (CHFV) (G. 
Crimi, C. Mattia, G. Conti and A. 
Gasparetto). Rationale for independent 
lung ventilation in unilateral 
pneumonia (F. Lemaire}. Technical 
modalities for the realization of 
independent lung ventilation (ILV) 

(U. R. Borg and J. C. Stoklosa). Clinical 
application of asynchronous 
independent lung ventilation (AILV} 
[K. Hillman). Index of authors. 
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As safe 


as albumin or PPF 

In comparative clinical studies, platelet 
counts, hematocrits, serum fibrinogen 
levels, prothrombin times (PT), and 
partial thromboplastin times (PTT) 
seen with Hespan were comparable to 
those seen with albumin or plasma 
protein fraction (PPF).’ 

Other studies demonstrate that 
when any reduction in platelet count 
or prolongation of PT or PTT does 
occur with Hespan, no increased 
bleeding results, even in patients with 
multiple trauma. +° As with any volume 
expander, patients should be moni- 
tored for excessive hemodilution of 
coagulant factors or circulatory over- 
load when large volumes are 
administered. 

When Hespan-treated patients 
were monitored to detect localized or 





systemic sepsis, there was no evi- 
dence of a decrease in their ability to 
ward off infection or combat an estab- 
lished infection. 

Hespan is nonantigenic and, as 
with blood-derived colloids, any risk of 
allergic reaction is minimal. Hespan 
also has a negligible effec! on sub- 
sequent blood typing or cross- 
matching. ' 


As effective 
as albumin or PPF 


Comparative clinical studies have 
repeatedly demonstrated that Hespan 
Is aS effective as albumin cr PPF in 
postoperative myocardial revasculari- 
zation, * and hemorrhagic, traumatic. 
or septic shock. * 





“co, hetastarch M 
chloride imj 


- 
' 


Du Pont Critical Care, Inc. 


No significant differences between 
Hespan and albumin or PPF were 
noted in any efficacy parameter. 
Hespan effectively maintained colloid 
osmotic pressure, restored plasma vol- 
ume, and improved cardiac output 
and renal function in hypovolemic 
patients: * And, the volume-expanding 
effect of a single infusion of Hespan 
can persist for 24 hours or longer 


Half the price 


of albumin or PPF 


Hespan offers a potential Savings to 
your hospital of tens of thousands of 
dollars a year. 


For additional information. contact 
the Medical Services Department. 
Du Pont Critical Care, 1600 Waukegan 
Road, Waukegan, IL 60085. Phone 


1-800-323-4980 
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Lifesaving, 
moneysaving 











Please see references and brief summary of 
prescribing information on following page 
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HESPAN thetastarch 


6% Hetastarch in 0.9% Sodium Chloride 
Injection 


CONTRAINDICATIONS 

Hetastarch is contraindicated In patients with severe 

met hp rders or with severe congestive cardiac and 
MANES with oliguria or anuria. 





pital volumes may alter the coagulation mechanism. Thus, 
administration of hetastarch may result in transient proton- 


prothrombin, partial 
times. With adml on of doses, the piysictan 
should also be alert to the possibility of transient prolonga- 
tion of bleeding time. 
Hematocrit may be decreased and plasma proteins dituted 
poe ee of large volumes of 


a i el ttn hei Sea ae in a 
and hemoglobin levels have been 
phate undergoing repeated jeaphees pr porte due 
to the volume expanding effects cf hetastarch. Hemoglobin 
Hig panna oO normal within 24 hours. Hemoditu- 
tion by hetastarch and saline may also result in 24 hour 
declines of total protein, albu min, calcium and fibrinogen 


Usage in Pregnancy: Reproduction studies have been 
done in mice with no evidence of fetal damage. Relevance 
to humans Is not known since hetastarch has not been 
given to pregnant women. Therefcre, it should not be used 
In pregnant women, particularly during early pregnancy, 
unless In the Judgment ol the-cirvsiclan the potential be bene- 


fits the potential hazards. 
Usap In Chron No data available pertaining to use in 


chidren. 
The safety and compatibility of additives have not been 
established. 


PRECAUTIONS 

The possibilty of circulatory overload should be kept in 
mind Special care should be exercised In patients who 
have Impaired renal clearance since this Is the roe 
way In which hetastarch ts eliminated. Caution should be 
used when the risk of pulmonary edema and/or ere ie 
heart failure is Increased. Indirect bilirubin levets of 

0.83 normal 0.0-0.7 mg%) have been reported in 

2 out normal subjects who recelved multiple heta- 
starch Infusions. Total bilirubin was within normal limits at 
all times; Indirect bilirubin returned to normal by 96 hours 
following the final Infusion. The significance, fan of these 
elevations is not known; however, caution should be 
observed before administering hetastarch to patients with 
a history of Iver disease. 

Regular and frequent clinical valuation and laboratory 
determinations are necessary for proper monitoring of 
hetastarch use during leukapheresis. Studies should 
Include CBC, total and platelet counts, leukocyte 
d count, hem in, balah othrombin 
time (PT), ae partial thromboplastin 
Is 


reactions have been reported (see ADVERSE REACTIO 
If such reactions occur, they ere readily controlled by dts- 


continuation of the drug and, f necessary, administration of 


an antihistaminic 
ADVERSE REA 


The following have baen reported: vomiting, mid ta auton 

ture elevation, chills, Itching, submaxilkary and pE 

dular enlargement, mild influenza-like symptoms, 

aches, muscle pains, peripheral edema of the caer 

extremities, and anaphylactold reactions consisting of pert 

orbital edema, urticaria, and wheezing. 

HOW SUPPLIED 

NDC 0094-0037-05-Hespan® (6% Hetastarch In 0.9% 

Sodium Chloride Injection) ls supplied sterile and nonpyro- 
In 500 ml Intravenous infusicn bottles. 


Federal (U.S.A) taw prohibits dispensing without pre- 
scription. 


Rev. Feb. 1982 


Distributed by 


PID Du Pont Critical Care, inc. 


Subsidiary of Du Bil Company 
Waukegan, IL 60 
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and evaluating clinical trials 
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Design, Methods, and Analysis 
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Controlled Clinical Trials is a respected and valuable s monitoring clinical trials for adverse or beneficial 
source of information for clinicians and statisticians effects 

involved in mounting and monitoring clinical trials and ® assessing costs 


long-term follow-up studies. Its articles focus on design 
features or organizational structures that have contrib- 
uted to the success of other studies — from short-term, 


small-scale trials to long-term multicenter investiga- Recognizing the importance of effective data manage- 
tions — and can be beneficially applied to similar ment. Controlled Clinical Trials features articles on 
projects. the critical design and operating components of data 


processing systems that are used for maintaining a 


Controlled Clinical Trials offers proven methods for: long-term data base. and quality assurance methods 
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see for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 

ideal for your patients, including 
those at risk.“ 


Free of a — cardiovascular ef Ì 


aN is ese ny Soe muscle TerAZANI for which no E G Si 


Cardiovapeilne Response to Norcuron® (vecuronium bromide) 


at 12 Times the ED,,* 


% of Control 


*Adapted from Morris ef ai.’ 
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Pressure 
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CO-cardiac output 
HR-heart rate 
PMAP-nubnonary mean arterial 
pressure 
POWP-pulmonary capillary 
wedge pressure 


SMAP- systemic mean arterial 
pressure 


SVR-systemic vascular 
resistance 


Heart Rate 











Performance unaffected by renal function.’ 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 
without renal function.*® 


Comparative indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injection" 


Onset (min) 


Duration of time (min) 103.8 + 12.9 
to 90% recovery IOA TAE 7 


Recovery index (min) 


E Normal Rena! Function No Renal Function 


* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommenced that the initial dose not exceed 0.08 to 0.1 mg/kg 
' Adapted trom Miller et al." 





The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron: 


vecuronium bromide) injection 


See full prescribing information on following page 





References: 1l. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in Cardiar surgical patients. Anesthesiology 1984, 31.A63. 5. Basta 
(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass SJ, et al: Vecuronium dees not alter serum histamine within the clinical dose 
grafting. Anesthesiology 1983; 58:438-440. 2. Durant NN: Norcuron*—a new range. Anesthesiology 1983, §9:A273. 6. Miller RD, et al: Pharmacokinetics of 


nondepolarizing neuromuscular blocking agent. Semin Anesth 1982: 1:47-56 vecuronium in patiensserith kidney disease, in Agoston S, et al (eds): Clinical 
3. Krieg N, Crul JF Booij LH: Relative potency of ORG NC 45, pancuronium, Experiences with Norcon (ORG NC 45, Vecuronium Bromide), Amsterdam. 
alcuronium, and tubocurarine in anesthetized man. Ar J Anaesth 1980 Excerpta Medica, 1987 p 124 


2:783-787. 4. Gallo JA, et al Hemodynamic effects of bolus injection of 
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Norcuron (vecuronium bromide) injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH iTS 
ACTIONS. CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON® (vecuronium bromide) injection is a nondepolarizing neuromuscular blocking agent of 
intermediate duration, chemically designated as piperidinium, 1-{(28 3a, 5a, 168, 17B)-3, 17-bis(acetylexy}-2-(1- 
piperidinyl}androstan-16-yi}-1-methy!-, bromide. 

_ Norcuron® is supplied as a sterile nonpyrogenic freeze-dried buttered cake of very fine microscopic crystalline pat- 
ticles for intravenous injection only. Following reconstitution with soivent (water tor injection) the resultant solution is iso- 
tonic and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citric acid. dibasic 
sodium phosphate, sodium hydroxide, and/or phosphoric acid to buffer and adiust pH and mannitol to make isotonic 
CLINICAL PHARMACOLOGY: Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class of drugs (curatiform). It acts by 
competing for cholinergic receptors at the motor end-plaie. The antagonism to acetylcholine is inhibited and 
neuromuscular block is reversed by acelyicholinesterase inhibitors such as neostigmine, edrophonium, and 
pyridostigmine. Norcuron® is about 38 more potent than pancuronium. the duration of neuromuscular blockade 
produced by Norcuron® is shor ler than that of pancuronium at initially equipotent doses. The time fo onset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use of a peripheral 
nerve simulator is of benefit in assessing the degree of muscular relaxation. 

The EDgy (dase required to produce 90% suppression of the muscle twitch response with balanced anesthesia) has 
averaged 057 mg/kg (9.049 to 0.062 mg/kg in various studies) An initial Norcuron® dose of 0.08 to 0.10 mg/kg 
bay produces first depression of twitch in approximately 1 minute. good or excellent intubation conditions within 

3 to 3.0 minutes. and maximum neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under 
balanced anesthesia, the time to recovery to 25% of contro! (clinical duration) is approximately 25 tc 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dase. The 
neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. |f 
Norcuron® is first administered mare than 5 minutes after the start of the inhalation of enfurane, isoflurane. or 
halothane, or when steady state has been achieved, the intubating dose of Norcuron® may be decreased by 
approximately 15% (see DOSAGE AND ADMINISTRATION section). Prior administration of succinylcholine may 
enhance the neuromuscular blocking effect of Norcuron® and its duration of action. With succinyigholine as the 
intubating agent, initial coses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscular block with 
clinical duration of action of 25-30 minutes. I succinyicholine is used prior to Norcuron®, the administration of 
Norcufon® should be delayed until the patient starts recovering from succinyicholine-induced neuromuscular 
blockade. The effect of prior use of other nondepolarizing neuromuscular blocking agents on the activity of Norcuron® 
has not been studied (see Drug Interactions). 

Repeated administraticn of maintenance doses of Norcuron® has little or no cumulative effect on the duration ol 
neuromuscular blockade. Therefore. repeal doses can be administered at relatively regular intervals with predictable 
results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dose (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes; subsequent maintenance 
doses, if required. may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia increases the 
clinical duration of the maintenance dose only slightly Under entlurane a maintenance dose of 0.010 mg/kg is 
approximately equal to 0.015 mg/kg dose under balanced anesthesia. 

The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or hatothane 
anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started, the neuromuscular biock produced by 
Norcuron® is readily reversed with various anticholinesterase agents, eg. pytidastigming. neostigmine, of 
edraphonium in conjunction with an anticholinergic agent such as atropine of glycopyrroiate. There have been no 
reports of recurarization following satisfactory reversal of Norcuron® induced neuromuscular blockade: rapid recovery 
is @ finding consistent with its short elimination half-life 
Pharmacokinetics: A! clinical doses of 0.04-0.10 mg/kg, 60-80% of Norcuren® is 
usually bound to plasma protein. The distribution half-life following a single intravenous 
dose (range 0 625-0. 280 mg/kg) is approximately 4 minutes. Elimination half-life aver this 
same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery In late pregnancy, elimination halt-tife may 
be shortened to approximately 35-40 minutes. The volume of distribution at steady slate is 
approximately 300-400 ml/kg: systemic rate of clearance is approximately 3-45 
mi/minule/kg. in man, urne recovery of Norcuron® varies from 3-35% within 24 hours. 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma following clinical use. One metabolite, 3-deacetyl vecuronium, has been 
recovered in the urine of some patients in quantities that account for up to 10% of injected 
dose: 3-deacety! vecuronium has also been recovered by T-tube in some patients account- 
ing for up to 25% of the injected dose. 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more of the potency of Norcuron®: equipotent doses are of approximately the same duration 
as Norcuron® in dogs and cats. Biliary excretion accounts for about hait the dose of 
Norcuron® within 7 hours in the anesthetized tal. Circulalory bypass of the liver (cal preparation) prolongs recovery 
from Norcuron®. Limited cata derived from patients with cirrhosis or cholestasis suggests that some measurements of 
recovery may be doubled in such patients. in patients with renal failure. measurements of recovery do nol ditter 
Significantly from similar measurements in healthy patients 

Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up to three times that needed to produce clinical relaxation (0.15 mg/kg) did not produce clinically 
significant changes in systolic. diastolic or mean arterial pressure. The heart rate, under similar monitoring. remained 
unchanged in some studies and was lowered by a mean of up to B% in other studies. A large dose af 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary artery bypass grating, 
was not associated with allerations in rate-pressure-product or pulmonary capillary wedge pressure Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly. (The drug has no! been studied in 
patients with hemodynamic dystunction secondary to cardiac valvular disease). Limited clinical experience (3 patients} 
with use of Norcuron® during surgery for phecchromocytoma has shown that administration of this drug is not 
associated with changes in blood pressure or heart rate. 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuran® has no clinically significant effects on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associaled with anesthetic agents. 

Preliminary dala on hislamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing. redness, hypotension, tachycardia. ang other 
reactions commonly associated with histamine release are unlikely to occur 
INDICATIONS AND USAGE: Norcuron® is indicated as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and fo provide skeletal muscle relaxation during surgery ar mechanical ventilation 
CONTRAINDICATIONS: None known. . 
WARNINGS: NORCURGN* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS 
FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION, OXYGEN THERAPY AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. in patients 
who are known to have myasthenia gravis or the myasthenic (Ealon-Lambert} syndrome. small doses of Norcuron® may 
have profound effects. In such patients. a peripheral nerve stimulator and use of a small test dose may be of value in 
monitoring the response to administration of muscle relaxants. l 
PRECAUTIONS: Renal Failure: Norcuron* is well-tolerated without clinically significant prolongation of neuro- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by dialysis Under 
emergency conditions in anephric patients some prolongation af neuromuscular blockade may occur, therefore. if 
anephric patients canno! be prepared for non-elect ve surgery, a lower initial dose of Norcuron® should be considered 
Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease. old age. 
edematous slates resulting in increased volume of distribution may contribute to a delay in onset time, therefore dosage 
Should not be increased. 
Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in keeping with the role the iver plays in Norcuron® metabolism and excretion (see Pharmacokinetics} Data currently 
available do noi permit dosage recommendations n patients with impaired iver lunction. 

UNDER THE ABOVE CONDITIONS. USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING. . 

Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose 
airway and/or ventilalory problems requiring special care before. during and after the use of neuromuscular blocking 
agents such as Norcuron®* ee 

alignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of toggering a 
potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data 
derived trom screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering 
Malignant hyperthermia. > 

Norcuron® has no known effect on consciousness, the pain theshold or cerebration. Administration must be 
accompanied by adequate anesthesia. 


NO 
REFRIGERATION 


REQUIRED 





Drug interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect af 
Norcuron® (vecuronium bromide) injection and its duration of action. I succinylcholine is used betore Norcuron®, the 
administration of Norcuron® should be delayed until the succinyicholine effect shows signs of wearing off With 
succinyicholine as the intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce 
complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY}. The 
use of Narcuron® before succinyicholine, in order to atenuate some of the side ettects ot suceinyicholine, has not been 
sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and gallamine) 
act in Ihe same fashion as does Norcuron® : therefore these drugs and Norcuron® may manifest an additive effect when 
used fogether. There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane. isoflurane. and halothane with 
Norcuron* will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane 
With the above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sutticient time at a sufficient dose ta have reached clinical equilibrium {see 
CLINICAL PHARMACOLOGY} 

Antibiotics: Parenteral intraperitoneal administration of high doses of certain antibiotics may intensify of produce neure- 
muscular block on thelr own The foliowing antibiotics have been associated with various degrees of paralysis: aminoglyco- 
sides (Such as neomycin, streptomycin. kanamycin. gentamicin, and dihydrostreptomyciny: tetracyclines: bacitracin: 
polymyxin B. colistin, and sodium colistimethate it these or ather newly introduced antibiotics are used in conjunction 
wilh Norcuron® during surgery, unexpected prolongation of neuromuscular block should be considered a possibility. 
Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggests that 
recurrent paralysis may occur This possibility must also be considered for Norcuron® Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat) 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been 
shown to alter neuromuscular blockade. Depending on the nature of the imbalance. either enhancement or inhibition 
may be expected Magnesium salts. administered for the management of toxemia of pregnancy, may enhance the 
neuromuscular blockade. 
Drug ‘Laboratory Test Interactions: None known. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
lo evaluate carcinogenic of mutagenic potential or impairment of fertifty 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron® itis also 
nol known whether Narcuron® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity Norcuron™ should be given to a pregnani woman only if clearly needed. 
Pediatric Use: infants under 1 year of age but cider than 7 weeks. also tested under halothane anesthesia, are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and lake about 112 fimes as long to recover 
information presently available does not permit recommendations for usage in neonates. 
ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
trials The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the 
drugs pharmacological action beyond the ime period needed for surgery and anesthesia This may vary from skeletal 
muscle weakness [0 profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 
inadequale reversal of the neuromuscular blockade. although not yet reported, is possible with Norcuron® as with al! 
curarform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged 
adequate Lillie ar no increase in intensity of blockade of duration of action of Norcuron® is noted from the use af 
thiobarbilurates. narcotic analgesics, nitrous oxide, of droperide? See OVERDOSAGE for discussion af other drugs 
used in anesthetic practice which also cause respiratory depression. 
OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic overdosage 
can be minimized by carefully manitaring muscle twitch response io peripheral nerve stimulation. 

Excessive doses of Norcuron® can be expected fo produce enhanced pharmacological effects. Residual 
neuromuscular blockade beyond the ime period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness. decreased respiratory reserve, 
low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade irom other causes of decreased respiratary reserve. 

Respiratory depression May be due ether wholly or in pari to other drugs used during the 

conduct of general anesthasia such as narcotics. thiobarbiturates and other central nervous 
system depressants. Under such circumstances the primary treatment is maintenance of a 
pateni aifway and manual or mechanical ventiahon until complete recovery of normal 
respiration is assured Regonol*® (pyridastigmine bromide injection) neostigmine, or 
edraphonium, in conjunction with alrapine or glycopyrolate will usually antagonize the 
Skeletai muscle relaxant action of Norcuron*® Satisfactory reversal can be iudged by 
adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve 
stimulator may also be used to monitor restoration of twitch height. Failure of prompt 
reversal within 30 minutes} may occur in the presence of extreme debilitation, car- 
Cnomalesis. and with concomitant use of certain broad spectrum antibiotics, or anesthetic 
agents and other drugs which enhance neuromuscular blockade of cause respiratory 
depression of their own Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade Ventilation must be supported by artificial means until 
the patient fas resumed control of his respiration. Prior lo the use ot reversal agents. 
relerence should be made to the specific package insert of the reversal agent. 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is for intravenous use only. This 
drug Should be administered by or under the supervision of experienced clinicians familiar with the use of 
neuromuscular Blocking agents Dosage must be individualized in each case The dosage intermation which follows is 
denved Hom studies based upon uns af drug per unit of body weight and is intended to serve as a guide only, 
especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and by prior use of 
succinyicholine {see PRECAUTIONS. Drug interactions}. Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration. whenever solution and container permit, 

To oblain maximum clinical benelits of Norcuron® and to minimize the possibility of overdosage. the monitoring of 
muscle iwich response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcurom® is 908 to 010 mg/kg (14 to 1.75 times the ED} given as an 
intravenous bolus injection This dose can be expected to produce good or excellent non-emergency intubation 
conditions in 2.5 to 3.0 minutes afler injection Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes, with recovery to 25% af control achieved approximately 26 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. in the presence of potent 
inhalabon anesthetics, the neuromuscular blocking effect of Norcuran® is enhanced. If Norcuron® is Hest administered 
more than 5 minutes after the star! of inhalation agent or when steady slate has been achieved, the initial Norcuron® 
dose may be reduced by approximately 15% ie.. 0.060 to 0.085 mg/kg. 

Prior agmunisisation of Succinyleholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron® if intubation is performed using succinyicholine, a reduction of initial dose of Norcuran® to 0.04-0.06 
mg/kg with inhalafion anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required 

During prolonged surgical procedures. maintenance doses of 0.010 ta 0 015 mg/kg of Norcuran® are recommended: 
alter the initial Norcuron * injection, the first maintenance dose will generally be required within 2516 40 minutes. However, 
Clinical criteria should be used to determine ihe need for maintenance doses Since Nofcuran® lacks clinically 
important cumulative effects. subsequent maintenance doses, if required, may be administered at relatively regular 
intervals for each patient, ranging approximately fram 12 to 15 minutes under balanced anesthesia. sightly longer under 
inhalation agents (if less frequent administration is desired. higher maintenance dases may be administered } 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg 
up to 028 mg/kg have been administered during surgery under halothane anesthesia without uf effects to the 
cardiovascular sysiem being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY). 
Dosage in Children: Older chiidren (10 to 17 years of age) have approximately the same dosage requirements 
mg/kg} as aduils and may be managed the same way Younger children (1 to 10 years of age} may require a slightly 
higher initial dose and may aiso regure suppiementation slightly more offen than adults. Infants under one year of age 
but older than 7 weeks are moderately more sensitive to Norcuron® on a mg/kg basis Ihan adults and lake about 12 
times as long to recover. See also subsection af PRECAUTIONS tied Pediatric Use. information presently available 
does nat permit recommendation on usage in neonates (see PRECAUTIONS). 

COMPATIBILITY: Norcuron® is compatible in solution with: 

09% NaCi solution 5% glucose in saline 
5% glucose if water Lactated Ringers 
HOW SUPPLIED: 5 m! vials {contains 10 mg of active ingredient) and 5 mi ampul of preservative-free sterile water for 
injection as the diluent! Boxes of 10 (NDC #0052-0442-17) 

5 mi vals (contains 10 mg of active ingredient) oniy DILUENT (Sterile Water for Injection. USP) NOT SUPPLIED. 
Boxes af 10 (NDC #0052-0442-57), 

STORAGE: PROTECT FROM LIGHT Store at 15°-30°C (59°-86°F) 
AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature not io exceed 30°C 


(86°F). DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED PORTION SINGLE USE VIALS. 
Manutactured for ORGANON INC. by BEN VENUE LABORATORIES. INC.. Bedtord, OH 44146 ISSUED 5/86 
ORGANON INC. 
WEST ORANGE. NEW JERSEY 07052 
& 1986 ORGANON INC ORG-8025 





HARVARD CONTINUING ECUCATION 
Massachusetts General ospital 
PRACTICAL ASPECTS OF PEDIATRIC ANESTHESIA 
May 15-17, 1987 





This course will focus on the practical management of pediatric anesthesia patients. It is designed for 
physicians who anesthetize children either daily or occasiorally. Emphasis will be placed on topics of 
current interest. The format of the course will include lectures, videotapes, posters, equipment exhibits, 
slides, and panel discussions. The Saturday luncheon panel will feature a discussion of problem cases; 
audience participation is encouraged. 


A special two-hour session with six workshops will allow close interaction with the faculty regarding 
fiberoptic bronchoscopy, new monitoring devices, invasive monitoring, malignant hyperthermia. Posters 
and videotapes will also be displayed. 


Our Visiting Professor is Dr. Frederic A. Berry, Professor of Anesthesiology and Pediatrics, Children’s 
Medical Center, University of Virginia, Charlottesville, Virginia. 


The meeting comprises three half-day teaching sessions, 2 lowing participants and their guest to take 
advantage of a variety of social, cultural, athletic, and shopping activities. The program is approved for 15 
credit hours in category 1 of the Physician’s Recognition Awarc of the AMA. Application has been submitted 
to the American Association of Nurse Anesthetists for continusng education credits to be awarded to nurse 


anesthetists completing this course. | 






For further details please contact Harvard Medical School, Department of Continuing Education, Boston 
MA 02115 (617-732-1525, M — F, 10 am — 4 pm Eastern Time). 


Course Directors: Drs. Charles J. Cote’, Letty M. P. Liu, Nshan G. Goudsouzian, and John F. Ryan, 


Department of Anesthesia, Massachusetts General Hospital, Boston, Massachusetts 02114. 
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ANESTHESIOLOGY 
REVIEW COURSE 


MAY 29-JUNE 3, 1987 
SAN DIEGO 


“IN-DEPTH” 

REVIEW COURSE 

in Anesthesia for 
HIGHLY MOTIVATED 
practitioners and trainees 


Sponsored by the 
Department of 
Anesthesiology 

UC San Diego School of 
Medicine, and accredited 
for 38 hours. 


This symposium is designed 
to give the practitioner a 
complete review of the 


science to the clinical 
practice of anesthesio ogy. 
Five one-day sessions will 
feature the following 
specialists: 


Stephen E. Abram, M.D. 
Paul G. Barash, M.D. 
Jonathan L. Benumof, M.E. 
Frederic A. Berry, M.D. 
Sheila E. Cohen, M.D. 
Benjamin G. Covino, Ph.D., M.D. 
lohn C. Drummond, M.D. 
Paul R. Hickey, M.D. 
Ronald L, Katz, M.D. 

Carol L. Lake, M.D. 
Richard |. Mazze, M.D. 
Myer H. Rosenthal, M.D. 


Theodore H. Stanley, M.D. 
Robert K. Stoelting, M.D. 
Stephen J. Thomas, M.D. 
Michael M, Todd, M.D. 

Kevin K. Tremper, Ph.D., M.D. 
Paul F. White, M.D. 


Course Director: 
Theodore J. Sanford, jr, M.D. 


Course Chairmen: 
Lawrence |. Saidman, M.D, 
Harvey M. Shapiro, M.D. 


For further information: 
Ann Wargo 
Anesthesiology, H-770 
UCSD Medical Center 
225 Dickinson Street 
San Diego, CA 92103 
(619) 543-5855 













HAHNEMANN UNIVERSITY 
DEPARTMENT OF ANESTHESIOLOGY 


is sponsoring a one day symposium 


CURRENT CONTROVERSIES IN ANESTHESIA 





Medical and Non-Medical 








SATURDAY, APRIL 25, 1987 


Trump’s Castle Hotel & Casino 
Huron Avenue & Brigantine Boulevard 
Atlantic City, New Jersey 





Participating Faculty: 


Jeffrey Apfelbaum, M.D. Henry Rosenberg, M.D. 
Meir Mazala, M.D. Alan J. Schwartz, M.D. 
Iqbal F. Paroo Tod Sioan, M.D., Ph.D. 
Ellison Pierce, Jr., M.D. A. Grant Sprecher, Esa. 


For information and application: 
Office for Continuing Education 
Hahnemann University 

Broad & Vine Streets 
Philadelphia, PA 19102 
215-448-8267 


LOCUM TENENS and PERMANENT 
ANESTHESIOLOGISTS 


Aramco’s Dhahran Health Center in Saudi Arabia needs 
Anesthesiologists to join a staff of nine Anesthesiologists 
and five Nurse Anesthetists. Locum assignments are 
available for 1-3 months and Board Certification is required. 
A full-time position is also available. American Board Cer- 
tification and a minimum of 2 years experience after residen- 
cy required. 


Our modern 483-bed hospital, JCAH accredited since 1956, 
has all major specialty services as well as most subspecialties 
and functions as a referral center for a patient population 
of approximately 200,000. The medical services organiza- 
tion includes four district clinics, one with a new 80-bed 
hospital. 


These positions offer state-of-the-art health care facilities in 
a multi-national environment. The locum contractor, in ad- 
dition to daily compensation rate, receives a living allowance, 
housing, 4 paid travel days and transportation from and to 
contractors point of origin. Permanent positions offer a com- 
prehensive benefits package. 


For immediate consideration, call Velma Guy at 
1-800-231-7577, ext. 8060 or 713-432-8060. Or send 
resume to Velma Guy, Aramco Services Company, Dept. 
07G-015-7, P.O. Box 4530, Houston, Texas 77210-4530, 


ARAMCO 





























McGILL UNIVERSITY 
1987 ANNUAL REVIEW COURSE IN ANAESTHESIA 
MAY 25-29, 1987 










Designed primarily for residents in training or preparing for 
examinations and practicing specialists desirous of reevaluat- 
ing their mode of practice as it relates to currently accepted 
teaching. 

The distinguished guest faculty will include 
















Dr. Casey Blitt Dr. Carl Hug 

Dr. Judith Donegan Dr. Robert Kirby 

Dr. D.C. Finlayson Dr. E.D. Miller 

Dr. Mieczyslaw Finster Dr. William Owens 
Dr. Robert Fragen Dr. Mark Rogers 

Dr. Patricia Gibbons Dr. Wendell Stevens 
Dr. Charales P. Gibbs Dr. P.F. White 






This course has been approved for 25 Category 1 credits by the 
Faculty Commitiee on C.M.E. at McGill University. McGill 
University is fully accredited by the Committee on Accreditation 
of Canadian Medical Schools (CACMS) and the Accreditation 
Council for C.M.E. (ACCME) of the United States to sponsor 
continuing medical education for physicians. 













FEES: 

Before April 15, 1987 After April 15, 1987 
Physicians: 
$350.000 Can. or $275.00 US $375.00 Can. or $300.00 US 
Residents: 






“$250.00 Can. or $200.00 US $275.00 Can. or $225.00 US 
"Residents must supply letter from Chief of Service. 
For further details, please write to: 


Claire Diano 

Post-Graduate Board 

Royal Victoria Hospital 

687 Pine Avenue West 
Montreal, Que. H3A 1A1 

Tel. (514) 842-1231, ext. 264 












Anesthesiologist 


Full-time for ambulatory surgery center near 
Chicago. Daytime hours only. No night call. No 
inpatient responsibility. Ultra-modern facility, ex- 
cellent financial opportunity. Opening spring 
1987. 


Please respond with CV to: 


ANESTHESIA-A 

7250 N. Cicero Avenue 
Suite 200 
Lincolnwood, IL 60646 





Classified Advertising 


PERMANENT POSITION WANTED 

CRNA—experienced, wishes busy situa- 

a solo or group, best of remuneration. 
1-800-521-6750. 





MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, co- 
operative, licensed, insured professionals 
caring about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 





ANESTHESIOLOGISTS 

Excellent, prequalified individuals available 
to join your group on a career or temporary 
basis. For more information please contact: 
Southwest Anesthesia Services, PO Box 5719, 
Santa Fe, New Mexico 87502, (505) 983-7371. 


ROCKY MTS/SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Expenses 
paid; partnerships usually available. Please 
contact Southwest Anesthesia Services, PO 
Box 5719, Santa Fe, NM 87501. (505) 983- 
Taek: 





800-FAST GAS: WORLDWIDE ANESTHESIA 

Have you got knocks and pings in your 
Anesthesia Department? Whether it’s a short 
or long-term staff shortage ... we've got 
quality MDs and CRNAs to get your pro- 
gram running smoothly! 1-800-327-8427 
Worldwide Anesthesia, John Paju, President. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 





ANESTHESIOLOGIST 

ABA Licensed to Practice in Texas and Lou- 
isiana. Available for weekend coverage and 
Locum TENENS Pi agencies please. Con- 
tact Box AA6, %e Anesthesia and Analgesia, 
Desk Editorial, Elsevier Science Publishing 
Co. Inc., 52 Vanderbilt Ave., New York, NY 
10017. 








PRIVATE TUTORING AVAILABLE FOR WRIT- 
TEN AND ORAL BOARD EXAMS: 

Send name, address, and phone io Box ANA 
5-84-E, Se Anesthesia and Analgesia, Desk Ed- 
itorial, Elsevier Science Publishing Co., Ine., 
52 Vanderbilt Avenue, New vor NY 10017. 





ANESTHESIOLOGIST SEEKING “HAIRMAN 
for established anesthesia department in 400- 
bed suburban Chicago, Illinois sospital. All 
surgical specialties representec. including 
open heart. Must be board cerafied with 7 
yr minimum in academic envirenment. Ex- 
cellent financial arrangements. Send CV to 
CSS Associates, 6819 Winston Drive, Tinley 
Park, Hlinois 60477. 





ALABAMA 

Several immediate openings. We are con- 
sultants fora nesthesiologists avd charge no 
placement fees. Send reply in canfidence to 
Medical Management, Inc., PO Drawer 7308, 
Montgomery, AL 36107. 





SOUTHWESTERN PA ANESTHESIOLOGIST 

BE/BC to join group. All except-open heart. 
Opening immediately. Excellent compen- 
sation and future for right person. Re- 
sponse condena Pittsburgh area. Sub- 
mit CV to Box L26, % Anesthesiaund Analgesia, 
Desk Editorial, eer Science Publishing 
Company, 52 Vanderbilt Avenue, New York, 
NY 10017. 





NORTH CAROLINA 
Anesthesiologist (BE/BC) wanted for thriv- 
ing anesthesia practice in eastern North 
Carolina coastal plains city of 25,000 to join 
group of one MDA and three CRNAs in 200- 
bed hospital. All surgical subspecialities ex- 
cept Neuro and OH. Send CY to Box X60, 
“ Anesthesia and Analgesia, Elsevier Science 
Publishing Company, Desk Editorial, 52 
Vanderbilt Avenue, New York, NY 10017. 








ATLANTA, GEORGIA 

Anesthesiologist BC/BE with formal pain 
fellowship to help start up pata clinic in an 
outstanding 500-bed hospital. Must be ca- 
pable of giving anesthesia for all types of 
cases. Excellent salary, benefits and vaca- 
tion with early partnership. send CV to 
Piedmont Anesthesia Associates. P.A., 1984 
Peachtree Road, Suite 515, Atlanta, GA 
30309. 
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CALIFORNIA: ANESTHESIOLOGIST 
Full-time faculty position at the Associate/ 
Full Professor level in expanding, young 
department with emphasis on teaching and 
research. Complete clinical services in one 
hospital. Prerequisites include board certi- 
fied; meet California license requirements; 
clinical expertise; demonstrated ability as a 
research scientist and ability to write schol- 
arly articles. Send curriculum vitae, bibli- 
ography and names of five references to John 
H. Eisele, jik, MD, Anesthesiology Depart- 
ment, University of California, Davis, Med- 
ical Center, 2315 Stockton Bivd., Sacra- 
mento, CA 95817. Position open until filled 
but not later than March 31, 1987. We are 
an Equal Opportunity’Affirmative Action 
Employer. 


ANESTHESIOLOGIST WANTED 

for East Central WI city on Lake Mich, At- 
tractive Educational, Cultural and Recrea- 
tional opportunities, Convenient to Metro 
Area and Med. School. Chas. Caven Assoc. 
PO Box 564, Waukesha, W153187. 414) 547- 
7069. 





PAIN FELLOWSHIP 

Applications are being accepted for Anes- 
thesia PGY-4 fellowship positions in pain 
management. Address inquiries to Chair- 
man, Department of Anesthesia, Provi- 
dence Hospital, Pain Control Center, 22301 
Foster Winter Drive, Suite 200, Southfield, 
Michigan 48075. (313) 424-3186. 





CLASSIFIED ADS 


Anesthesia and Analgesia makes available clas- 
sified advertising space for those interested in 
obtaining positions, or wishing to anneunce 
meetings, postgraduate courses, or other events. 
Display space (minimum t5 page} is also avail- 
able through Pharmaceutical Media, Inc. Rates 
for classified advertising: $1.00 per word, min- 
imum twenty words. Additional fee of $12.00 
for box number ads. Copy deadline 7 weeks 
prior to publication, e.g., for the March issue, 
copy should be received by the Ist of January. 
Full payment or institutional purchase order 
must accompany the copy for each ad. Ads 
received without a check or purchase order will 
be returned. Ad copy. subject to acceptarce by 
publisher, should be typed double-spaced and 
mailed in duplicate to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10C17. 
Make checks pavable to Elsevier Science Pub- 
lishing Co, Inc, 
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NEW ENGLAND 

Immediate opening for BC/BE MDA in 
coastal New England town. No neuro or 
open heart. Income guarantee. NAMA, PO 
Box 24, Carlisle, MA 01741. (617) 369-5980. 





CALIFORNIA 
Mercy Hospital and Medical Center has an 
anesthesia residency ae at the PGY-3 
(CA-2) level available July 1, 1987. Subse- 
quent CA-3 traing will be available in OB 
cardiac and advanced clinical anesthesia. 
California licensure required. Interested 
persons may apply to Robert G. Seeman, 
MD, Acting Director Anesthesia Residency 
Program, Mercy Hospital and Medical Cen- 
ter, 4077 Fifth Avenue, San Diego, CA 92103 





ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Feb. 13-15. 
Two instructors. Limited class size. Reply: 
2656 Gunckel BI, Toledo, OH 43606, or (419) 
475-9641. 





ANESTHESIOLOGIST 

233-bed teaching hospital with residents in 
Surgury, Ob/Gyn, internal medicine, and 
family practice seeking two staff anesthe- 
siologists—one to be appointed as Chief, 
Department of Anesthesiology. Candidates 
should be board eligible or certified in anes- 
thesia and have experience in critical care 
anesthesia, epidural, and pediatric anes- 
thesia. Salary negotiable depending on ex- 
perience. Hospital located in beautiful San 
Joaquin County, close to major cities and 
skiing. Submit CV and references or contact 
Nathaniel M. Matolo, MD, Director of Sur- 
gury, San Joaquin General Hospital, PO Box 
1020, Stockton, CA 95201. Phone: (209) 982- 
1800. Ext. 3074. AA/EOE. 








BC/BE ANESTHESIOLOGIST 

to join busy 4 MD 6 CRNA group at 230 
bed hospital located 30 minutes outside of 
Boston. All surgical subspecialties except 
open heart. Send CV to Box AA4, “t Anes- 
thesia and Analgesia, Desk Editorial, 52 Van- 
derbilt Ave., New York, NY 10017. 








ANESTHESIOLOGIST 
Our expansion in surgical specialists has 
created an opportunity for an anesthesiol- 
ogist to join our progressive hospital- -based 
group sea The appointment offers an 
opportunity to practice in a high-quality, 
modern, clinical environment with teaching 
and clinical research possibilities. The de- 
partment provides services to all surgical 
specialties except open heart. We are seek- 
ing strong candidates who are Board cer- 
tified or eligible and trained in all types of 
anesthesia practice, critical care, and pain 
relief. Candidates with fellowship experi- 


ence or who are Board certified or eligible 
in other specialties are particularly desir- 
able. The position includes academic ap- 
pointment at Columbia University and pro- 
vides a competitive salary, hospital-paid 
malpractice protection, an immediately 
vested annuity plan, and comprehensive 
fringe benefits. The Bassett Hospital is a 
medium-sized referral and teaching center 
located in an attractive lakeside resort vil- 
lage, which offers a variety of recreational 
opportunities, an outstanding public school 
system, and a rural living atmosphere. For 
further information, please forward a CV 
and covering letter to L. Andrew Rauscher, 
MD, Chief, Department of Anesthesiology, 
The Mary Imogene Bassett Hospital, 
Cooperstown, NY 13326. 





~ 





LOUISIANA: DEPARTMENT CHAIRMAN 
The Anesthesiology Department of the 
Louisiana State University Medical Center 
has an opening for a department chairman 
with interest inan academic setting. Duties 
include instruction and supervision of res- 
idents and students and administration of 
a large academic department. Qualifica- 
tions must include graduation fram a LEME 
accredited medical school, completion of an 
approved residency training program, eli- 
gibility for Louisiana medical licensure, and 
board certification. Administrative experi- 
ence or excellent recommendations regard- 
ing administrative capabilities is required. 
The candidate must possess an excellent 
clinical record and manifest an interest in 
academics and research. Specialty training 
or experience is desired. The salary and level 
of faculty appointment will be commensur- 
ate with qualifications. Inquiries should be 
directed immediately along with a current 
CV to Fred J. Stucker jr. MD, Chairman of 
the Search Committee, Louisiana State Uni- 
versity Medical Center in Shreveport, PO 
Box 33932, Shreveport, LA 71130-3932. Af- 
firmative Action/Equal Opportunity 
Employer. 
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ANESTHESIOLOGIST 

BE (orals pending), available on 2-mos. no- 
tice. Proficient in all types anesthesia except 
pain management. Experienced in invasive 
monitoring. Fellow ship in intensive care. 
3! years clinical experience. Several pub- 
lications. Reply to PO Box 7000-4, Redondo 
Beach, CA 90277 








CHIEF, ANESTHESIOLOGY SERVICE 

Applications are being accepted for the po- 
sition of Chief, Anesthesiology Service at 
the Veterans Administration Medical Cen- 
ter, Martinez, Calitornia with joint appoint- 
ment in the Department of Anesthesiology, 
University of California, Davis, at an ap- 
propriate academic level. A pplicants should 
be board certified and have a valid medical 
license. Responsibilities include teaching 


medical students and residents the princi- 
ples of anesthesiology. The service has a 
very heavy load of vascular procedures. Re- 
cruitment will remain open until February 
28, 1987. Anticipated appointment date: July 
1, 1987. Send current curriculum vitae, bib- 
liography and the names of three (3) ref- 
erences to: John H. Eisele i MD, Professor 
and Chairman, Department of Anesthe- 
sidlogy, UCD Medical Center, Professional 
Building, 4301 X Street, Sacramento, CA 
95817. The University of California Davis, 
School of Medicine and the Veterans 
Administration Medical Center are Equal 
Opportunity/Affirmative Acton employers. 








PENNSYLVANIA 

Chief of Anesthesia to head department 
serving 200-bed community hospital in south 
central Pennsylvania. Board certification and 
administrative experience. Fee-for-service 
practice. Well-equipped department. All 
types of surgeries except heart. Position in- 
cludes active practice of anesthesiology and 
responsibility for quality assurance Stand- 
ards and smooth operation of anesthesia 
services. Easy access to major cities. Good 
schools, recreational and cultural facilities. 
Send CV to Lawrence Scanlan fr, President, 
Community General Hospital, Reading, PA 
19601. 








MIAMI COMPREHENSIVE REVIEW COURSE 
IN ANESTHESIOLOGY - APRIL 24-29, 1987— 
KEY BISCAYNE, FL 

Sponsored by the University of Miami School 
of Medicine/Department of Anesthesiol- 
ogy. For more information contact: Profes- 
sional Seminars, PO Box 012318, Miami, 
Florida 33101. Telephone: (305) 547-6411. 
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ANESTHESIOLOGIST 

Board Certified/Eligible to join four Anes- 
thesiologists and seven CRNAs in a fee-for- 
service group in a very progressive com- 
munity hospital. All types of procedures ex- 
cept open heart. Send CVA to Berks Anes- 
thesia Assoc., Inc., Suite 203 200 North [3th 
Street, Reading, PA 19604. 








MOUNTAINS OF WESTERN NC 

BE/BC anesthesiologist needed to join fee- 
for-service group in a community on the 
crest of the Blue Ridge Mtns. Competitive 
salary. Send CV with references to Watauga 
Anesthesia Assoc., PA, 301 Birch St., Boone, 
NC 28607. 











enamine 


SUNNY SOUTH FLORIDA 

Are you in Transition? Between jobs? Look- 
ing for decreased responsibilities? Part time 
job at Ambulatory Surgical Center in South 
Florida. Great opportunity, no night call, 
no weekends. Call 305-288-1411 Davs or 305- 
283-4433 Evenings. 











mal ANESTHESIOLOGY: 


A CONCISE TEXTBOOK 


Edited by Thomas J. DeKornfeld, M.D. 
Professor of Anesthesiology 
Professor of Pestgraduate Medicine 
and Health Prefessions Education 
Department of Anesthesiology 
University of Michigan, Ann Arbor 











Here in one volume, twenty-five experts in anesthesiology combine their knowledge in one 
readable authoritative source. Clinicians will find, in an easily accessible format, a complete and 
current overview of the clinical applications of anesthesiology as well as the underlying theory. 
Five major sections detail the practice of anesthesiology; anesthesia and the surgical specialties; 
anesthesia and systemic problems; anesthesiology as a specialty; and tables and formulas. 
Discussing areas not usually covered in standard texts. such as legal considerations, ethical 
questions, and economic aspects of anesthesiology, this beok makes an excellent quick reference 
for the practicing anesthesiologist. 


1986 576 pages 0-444-01010-6 paper $33.95 
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CONTENTS Monitoring Under Anesthesia PART IV ANESTHESIA ON THE 
Computers and Anesthesia S BASIS OF P ATIENT P ROBLEMS 
PARTI THE SPECIALTY OF Respiratory Care The Patient with a Difficult Airway 
ANESTHESIOLOGY The Recovery Room The Patient with Ischemic Heart 
History of Anesthesiology A ay es Disease Undergoing Noncardiac 
Education in Anesthesiology res Surgery 
Beer er OAR PART Hil ANESTHESIA FOR THE 


The Patient with Pulmonary Disease 

The Patient with Kidney Disease 

The Patient with Gastrointestinal and 
Liver Disease 


Ethical Questions in the Clinical SURGICAL SPECIALTIES 
2 Shays ? cag ak f . ETES i 7 as . 
i a of AnG sthesiolo By Anesthesia for General Surgery 
eval Considerations in Anesthesiology ne ee oo-4 
Lega £ onsiderations in Anesthesiology Anesthesia for Thoracic Surgery 
Economic Aspects of Anesthesiology 


Een ein ne ae Oni Ce ea One-Lung Anesthesia The Patient with Metabolic Disease 

Practice Patterns in Anesthesiology EN Me aE T E OEN 
$ Anesthesia for Cardiac Surgers The Patient with Trauma 
Nurse Anesthesia and the Anesthesia Anesthesia tor oscilar roer Y j as | 
Care Team oP en Sag E Phe Patient with Fluid imbalance 
Anesthesia 1O Orthopedic Surgery The Patient with Chronic Pain 

PARTII THE PRACTICE OF Anesthesia for Urologic Surgery 

ANESTHESIOLOGY Anesthesia for Head and Neck PART V MISCELLANEOUS 
Theories of Narcosis Surgery Reading the Scientific Literature 
Patient Assessment — Preoperative Anesthesia for Ophthalmic Surgery Equations, Formulas. and Physical 

Visit Anesthesia for Neurosurgery Characteristics 
Anesthetic Techniques Anesthesia for Gynecologic Surgery Normal Laboratory Values 
The Pharmacology of Drugs Used in Anesthesia for Obstetrics 

Anesthesiology Anesthesia for Pediatric Surgery INDEX 
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Order from your usual supplier or: 
MEPCVA division of Elsevier @ PO. Box 1663, Grand Central Station © New York, New York 10163-1663 
Note: Price subject to change without notice. 
Medical Examination Publishing Company is a division of Elsevier Science Publishing Company, Inc., New York, NY. 
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Datascope introduces ACCUCOM, 
the first practical cardiac Output monitor. 


Now, continuous cardiac output monitoring 
is a reality for all surgical patients. 


Until now, measurement of Cardiac output has been limited tc 
only those surgical patients whose critical conditions warrante 
its use. lt has entailed substantial patient risk and expense, an 
clinical assessment has been limited to periodic measuremen 
instead ef continuous cardiac output monitoring. 


Now Datascope introduces the ACCUCOM cardiac output 
monitor. This revolutionary new instrument makes it possible t 
monitor cardiac output continuously...but even more importan 
to moniter this vital parameter for all surgical patients—safely, 
simply, accurately, and economically, 


What makes the ACCUCOM monitor a revolutionary advance 
in hemodynamic monitoring is our unique application of 
Doppler ultrasound technology combined with unparalleled 
microprocessing sophistication. The ACCUCOM monitor, usin 
suprasternal probe and an esophageal stethoscope incorpora 
a Doppler transducer, not only measures cardiac Output, but a 
Calculates cardiac index and systemic vascular resistance. 


This ACCUCOM technology not only helps to monitor 
changes in fluid, myocardial and afterloac status mo 
quickly and conveniently, but it also enables tt 
anesthesiologist to base critical therapet 
decisions on continuous hemodynamic 
information. 


The Datascope ACCUCOM Monitor. No 
for the first time, routine Cardiac output 
monitoring is a reality for all su rgical 
patients. 


1 For more information about the 
ACCUCOM continuous Cardiac output 
CARDIAC OUTPUT | 4 monitor, please call or write: Datascope 

= Corp., Dept. C, PO. Box 5, Paramus, 
New Jersey, 07653-0005. (201) 265-8800 
oanmiae idii a Sales and service throughout the world. 
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Datascope 


Datascope Corp. + PO. Box 5, Paramus, N.J. 07653-0005, U.S.A. « Tel. (201) 265-8800 (Corporate Headquarters) 
Datascope B.V e« Postbox 26,3870 CA Hoevelaken, Holland Tel. 03495-34514 (European Headquarters) 
Datascope GmbH « AM Wall 190, 2800 Bremen 1 West Germany « Tel. 421 

Datascope Medical 





Now get continuous stethoscopic monitoring 





with 100% mobility. 


In one easy step. 


The Transcor™ 

microphone attaches 

directly and easily , 
to any standard* a 
esophagea! or 

precordial 

stethoscope. 


Introducing the new Transcor Radio- Stethoscope. 


Designed and developed 
by an anesthesiologist. 

This new, easy-to-use 
telemetry product can help 
you continuously monitor 
heart and breath sounds. 


100% Mobility 


The Transmitter allows 
untethered monitoring for 
the freedom to respond to 
all your patient’s needs 


Excellent Sound 
Reproduction 

Sophisticated, high qual- 
ity FM radio, microphone, 
and headphone electronics 
facilitate greater monitor- 
ing accuracy 


Simultaneous Monitoring 

Multiple radio/receivers 
allow more than one per- 
son to listen to the patient 
at the same time. 


ege 
Sterilizable 
. The microphone is easily 
cleaned or sterilized. 





Compact & Comfortable 


The radio/receiver tits 
easily into your pocket; 
the lightweight headset is 
designed to be worn over 
extended periods ot time. 





The lightweight Transcor ~ 
headphone can be easily Ohmeda now distributes the Iranse Or “ Radio- 
attached to your own custom 
earpiece. 


Stethoscope.” For a demonstration or tor more infor- 
mation, call or write an Ohmeda representative today 


The Transcor 4 K adio- Ohmeda Ohmeda Drive, Madison WI 53707-7550. 
Stethoscope™ (complete kit) ts 
is available for a £295.00 TRANSCOR, INC., 630 Oakwood Avenue 
unit cost. Suite 438, West Hartford, CT 06110 (203) 724-4414. 
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Wellcome 
Burroughs Wellcome Co. 3030 Cornwallis Road cables & telegrams 
Research Triangle Park, N.C. 27709 Tabloid Raleigh, N.C 
TWX 5109270915 


tel 919 248-3000 


March, 1987 


Burroughs Wellcome Co. has been actively involved in the research and development of 
neuromuscular blocking agents as adjuncts to anesthesia for over three decades, since the 


introduction of ANECTINE® (succinylcholine chloride) in 1952. 


In recent years, we have strengthened our commitment to research and development of new 
neuromuscular blocking agents. In December 1983, we introduced in the United States the 
first intermediate-duration, nondepolarizing neuromuscular blocking agent: TRACRIU M” 
(atracurium besylate). Because of its unique degradation pathways, independent of normal 
liver and kidney function, and its noncumulative neuromuscular blocking effects following 
multiple doses, TRACRIUM has become the neuromuscular blocking agent frequently 
chosen for a wide variety of surgical procedures. 


This year we have introduced an alternative option in the delivery of nondepolarizing 
neuromuscular blocking agents: TRACRIUM via continuous IV infusion. Continuous 
infusion represents a practical way to achieve moment-to-moment control of neuromuscular 
block without the need for repeat bolus dosing. The clinical features that make TRACRIUM 
flexible in intermediate-duration surgical procedures also make it practical for use by 
continuous IV infusion in intermediate-to-long-duration surgical procedures. 


The future holds promise for the development of new neuromuscular blocking agents, as 
well as anesthetic agents that will enhance the practice of anesthesia. However, much 
research remains to be done. Therefore, Burroughs Wellcome Co. is pleased to support the 
publication of these abstracts submitted for presentation during the International Anesthesia 
Research Society Sixty-First Congress, March 1987. We believe that quality research, 

as exemplified by the abstracts herein, is key to the continued development of better 
anesthetic agents. 


Yours sincerely, 


Allen Cato, MD, PhD 
Director, Division of Clinical Research 


PS. Please see brief prescribing information following our advertisement. BETRAN 





NEW for intermediate 
and long procedures 


CONTINUOUS INFUSION ; TRACRIUM 








NEW...GUNTINUUUS INFUSIUN 


Smoother control 


Continuous infusion represents a significant advance in 
the delivery of nondepolarizing neuromuscular blockade. 
Continuous infusion of TRACRIUM® (atracurium besylate) 
offers advantages over repeated bolus doses of inter- 
mediate or long-acting neuromuscular blockers for 
maintaining smoother, continuous muscle 

relaxation in procedures ranging 

from 30 minutes to several hours. 


Unique metabolism— 
ideal for infusion që 


The intermediate duration of TRACRIUM* 

allows rapid and accurate titration of 

neuromuscular blockade throughout the 

procedure, unlike longer-acting agents. 

The unique metabolism, independent of liver 

or kidney function, eliminates the need for age- 
related adjustments. TRACRIUM® also produces 

no cumulative effects when infusion dosage rate is 
administered and monitored so as to maintain neuro- 
muscular block between 89% and 99%. This results in a 
recovery profile similar to an initial bolus dose. 


Patients receiving TRACRIUM® by continuous infusion 
should be monitored carefully to assure continuous, ade- 
quate control of neuromuscular blockade throughout the w 
procedure. Infusion requirements for each patient must be 

individualized, based on monitoring of the twitch response. 








-4 sere 
Convenient to prepare , © 
To prepare a 0.5 mg/mL solution for infusion, mix 5 mL = ~N 
TRACRIUM® (atracurium besylate) with 95 mL of diluent Ày 
(Dextrose 5%, 0.9% Sodium Chloride Injection, or pá p 
Dextrose 5%/Sodium Chloride 0.9% Injection). Infusion 


solutions should be used within 24 hours. Lactated 
Ringers Injection is not recommended for preparation 
of TRACRIUM” infusion solutions. 
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Title: EFFECTS OF ISOFLURANE AND OXYTOCIN ON GRAVID HUMAN UTERUS IN VITRO 
Authors: Adel R. Abadir, M.D., Shaesta S. Humayun, M.D., Da-id Calvello, M.D., and 
Jonas Gintautas, M.D., Ph.D. 
Affiliation: 
Center, Brooklyn, New York 
Introduction. Isoflurane (l1-chloro-2,2,2- 


triflurroethyl ether) is a well accepted inhalation 
anesthetic agent used in everyday clinical practice. 
The agent is relatively insoluble in blood, usually 
produces minimal hemodynamic.changes, facilitates 
neuromuscular blockade, and depresses cerebral 
activity. There are a limited number of publications 
reporting the depression of contractibility of human 
uterine muscle by isoflurane in vitro and in vivo 
(1,2). Blood loss during dilation and evacuation 

or during delivery was related to isoflurane effect 
(3). Oxytocin, a synthetic polypeptide, is used to 
elicit uterine contractions or to control uterine 
bleeding. The information regarding the isoflurane 
and oxytocin combined effect on human uterus is 
limited. In this study we examined the effect of 
isoflurane on isolated gravid human myometrium and 
demonstrated the reversibility of this effect. 








Method. Thirty uterine specimens were obtained 
from ten gravid patients undergoing repeat caesarian 
sections. The mean age was 29 years (range 21-49) 
and mean parity was 2. The study was approved by the 
Research and Clinical Projects Committee. Uterine 
muscle tissues were collected during C-sections. 

The specimens were cut 15 x 2 x lmm and individually 
suspended in 50ml double jacket glass chambers 
filled with physiological solution having the 
folowing composition in mM/1:NaC1,110; NaHC03, 24, 
KC1, 5.0; Na2HPO47H20, 1.1; CaCl2, 2.2; MgSO4, 1.2; 
glucose, 5.5. The buffer was adjusted to pH 7.4, 
temperature of the solution was maintained at 37 
degrees celsius, and aerated with a mixture of 957 
02 and 5% C02. Isometric tension was measured and 
recorded using grass FTO3 force transducers and 7 D 
polygraph. The tissues were exposed to five consec- 
utive 40 minute periods of 0.5%, 1.0% and 1.5% 
isoflurane. Oxytocin (0.2 uu/ml) was used to reverse 
1.5% isoflurane induced relaxation. In each 
myometrial tissue we measured the number of contrac- 
tions, the mean peak tensions (in grams), the mean 
interval between contractions and the uterine 
activity (in Montevideo units}. Analysis of 
variance and Dunnett's statistical method were used 
to test differences between self control values in 
all strips and values in each of the four time 
periods. Unpaired student's t-test was used for 


‘differences between experimental and time control 


strips. 


Results. Susceptability of gravid human 
myometrial tissues to isoflurane is reflected in the 
dose-response curve (table 1). The data show that 
the concentration of isoflurane required to inact- 
ivate 50 percent of isolated gravid human myometrial 
strips is 1.4 percent. Isoflurane, at dosages 
tested, significantly reduced the frequency of 
contractions and increased the interval between 


increzse but reached significance, as compared to 
self control period, only during time period 4 

(1.5% isoflurane). All concentrations of isoflurane 
causec a significant decrease in uterine activity 

(p 0 95). Using clinically equivalent dosages of 
oxytocin (15 u units/bath) it was possible to 
reverze the inhibitory effect of isoflurane even at 
1.5 percent concentration. 


teneral Conclusion. Our results demonstrate 
that =soflurane depresses the contractility of the 
isola-ed human uterine muscle. The present data is 
consi: tent with previous reports that isoflurane 
produ-es depressant effect on pregnant mammalian 
myome~rium (1,2). CLinically applicable dosages of 
oxyto in reverse the inhibition and thus oxytocin 


S1 


may b: used to reverse undesirable isoflurane effect. 


—eferences. 
l. Mrnson, E.S., & Embro, W.J.: Enflurane, 
isofl:rane, and halothane and isolated human uterine 
muscl:. Anesthesiology 1977;46: 11-14 
2. Mrnson, E.S.: Isoflurane, M.E.J. Anesth. 1981 
6(4) 181-188. 3. Dolan, W.M., EGER, E.I. IZ, 
Margo_is, A.J. Forane increases bleeding in 
thera-utic suction abortion. Anesthesiology 1972 
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CONCENTRATIONS OF ISOFLURANE (%) 
Figur» 1l. Dose-response curve based on three 


level: of isoflurane concentrations. The line is 
the r:sult of regression analysis (r = 0.98). 
Verti» al axis is the transformation of the sigmoid 
curve (y = % of inactivated gravid strips). 
Horizental axis corresponds to the values of the 
isoflrrane concentrations. 
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Title: IMMEDIATE DETECTION OF CRIT(CAL TRANSIENT HYPOXIC EPISODES IN ACUTE HEAD INJURIES 


Authors: SJ Allen, M.D., J Cruz, M.D., AE Abouleish, B.A., and ME Miner, M.D. 


Affiliation: Departments of Anesthesiology and Neurosurgery, University of Texas Medical School, Houston, Texas 


Introduction. One of the major goals in the 
treatment of acute head injuries is to prevent 
further cerebral insults (secondary injuries) such 
as inadequate oxygen delivery to the brain. 
Therefore, the detection of all kinds of hypoxia is 
important in the management of these patients. 
Unfortunately, no simple clinical tool exists for 
the determination of these events. The objective of 
this study was to evaluate continuous monitoring of 
arterial—jugular venous oxygen saturation difference 
(AJDSO2) as a simple, reliable bedside technique for 
patients with acute head injuries. 


Methods. Following approval of the Committee 
for the Protection of Human Subjects and informed 
consent from the family, 16 adult patients with 
Glasgow Coma Scores of 4-7 following acute head 
injuries (with head CT scans indicating little or no 
midline shift) served as the study subjects. An 
intracranial pressure (ICP) monitor was implanted 
and hyperventilation begun. In addition, sedation 
(16 patients), muscle relaxants (16), mannitol (15), 
barbiturate coma (3), cerebral spinal fluid drainage 
(5), and decompressive craniotomy (1) were used to 
keep ICP below 20 mmHg. Mean arterial blood 
pressure (MAP), End-expired C02 (PeC02), and ICP 
were continuously recorded postoperatively in the 
SICU. Arterial (Sa02) and jugular venous (Sjv02) 
oxygen saturation were continuously measured via 4 
Fr fiberoptic oximetry catheters in a femoral artery 
and the superior portion of a jugular bulb. An 
alarm was set on the arterial oximetry monitor to 
respond to decreases in Sa02 below 90%. Cerebral 
oxygen extraction was estimated by the (AJDSO2). 


Two types of hypoxic problems occurred in these 
patients. Oligemic hypoxia is defined as a con- 
dition where the AJDS92 (normal < 30%) becomes 
greater than 40%. If cerebral oxygen delivery is 
decreased excessively by hyperventilation, then the 
amount of oxygen extracted will be greater and the 
AJDSO2 will rise. Patients with ICP below 20 mmHg, 
but AJDSO2 of > 40%, were managed by raising the 
PeC02 followed by mannitol boluses, if the ICP rose 
above 20 mmHg. If the AJDSO2 was > 40%, but the ICP 
was > 20 mmHg, then mannitol was given and PeC02 was 
not adjusted. Hypoxemic hypoxia exists when Sa02 
decreases < 90%. When the preset alarm was acti- 
vated by Sa02 < 90%, patients were promptly treated 
by increasing the fraction of inspired oxygen (Fi02) 
and the patient „and ventilator inspected. 


Results. Hypoxemic hypoxia - Fifty three 
episodes were identified in 13 patients in the first 
72 hours post-injury. Of these early events, 31 
were related to an identifiable pulmonary or 
ventilatory problem, while 22 (42%) occurred in the 
absence of any definable event. In every case, the 
hypoxemia responded immediately to an increase in 
Fi02. Typically, the Sa02 would fall precipitously, 
without any other clinical indication, followed by a 
drop in the Sjv02 30-45 seconds later. Only one 
episode seemed to be triggered by an acute rise in 
ICP. 


Oligemia hypoxia -~ When monitoring was 
initiated, all patients had normal CPP (MAP-ICP). 
However, we found that routine hyperventilation was 
associated with oligemia in eight (50%) patients. 
All oligemic episodes were satisfactorily resolved 
by the above protocol. For example, at the 
initiation of monitoring in one patient, the ICP was 
18, but the AJDSO2 was 65%. Increases in PeC02 
resulted in an improvement in the AJDSO2, but also 
an increase in the ICP above 20 mmHg. The 
administration of two mannitol boluses brought about 
the desirable effects of a reduction in ICP and a 
further rise in Sjv02. 


Conclusion. The results of this study 
demonstrate that AJDSO2 is a valuable bedside 
monitor of simple design that can detect critical 
cerebral oxygen delivery changes. Our results also 
indicate that sudden, unexpected arterial 
desaturation is a common occurrence in the first 72 
hours following acute head injuries. Further, 422 
of the early hypoxemic episodes were self-limiting, 
but of unknown etiology. These early episodes 
responded immediately to transient increases in Fi02 
in every case. In addition, we found that with the 
use of routine hyperventilation, the incidence of 
oligemic hypoxia was 50%. Normalized AJDSO2 and 
control of ICP were achieved in each of these cases 
by reducing hyperventilation and/or infusion of 
mannitol. Continuous AJDSO2 monitoring in the 
patient with acute head injury is a useful clinical 
tool for the immediate identification and resolution 
of dangerous hypoxic episodes. 
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Introduction., Because of the extensive hepatic 
uptake of vecuroniun (VEC), its duration of action 
may be prolonged in patients with liver disease. 
Lebrault et al (1) found clearance reduced and dura- 
tion of action prolonged after a large dose əf VEC 
(0.2 mg/kg) in cirrhotic patients. In contrast, 
Hunter et al (2) found either no change or a shorter 
duration of action with VEC doses < 9.15 mg/xg in 
cirrhotic patients; he did not study pharmacokinet- 
ics in these patients. We therefore examine the 
pharmacokinetics (PK) and pharmacodynamics (PD) of a 
lower dose of VEC in patients with hepatic dysfunc- 
tion. 


Methods. After obtaining Human Studies Commit- 
tee approval and informed consent, we studied six- 
teen elective surgical patients: nine patients with 
normal liver function (age 38 + 7 yrs, wet 73 + 14 
kg) and seven with alcohol-induced hepatocellular 
disease (age 46 + 10 yrs, wgt 63 + 7 kg). Liver 
disease was defined as biospy~proven cirrhosis (6 
patients) or > 50% elevation of transaminases (1 
patient). After premedication with dizzepam, 
patients were anesthetized witn thiopental 3-4 mg/kg 
i.v. and by inhalation of isoflurane with N»0/05, 
and the trachea was intubated. Ventilation was con- 
trolled with end-tidal PCO, = 35-40 mmHg, end-tidal 
isoflurane 1-1.5%4 and nasopharyngeal temperature 
35-37°C. We recorded force of thumb adduction in 
response to supramaximal ulnar nerve stimulation at 
0.1 Hz. After baseline recording, VEC 0.1 mg/kg was 
administered as an i.v. bolus. Venous blood was col- 
lected at frequent intervals. Blood was heparinized 
and stored on ice briefly; plasma concentration of 
VEC and its metabolities were measured by gas 
chromatography, which was sensitive to ~5 ng/ml of 
the parent drug. Plasma concentration-time data 
were fit by a three-compartmert model using non- 
linear regression, Standard pharmacokinetic parame- 
ters were calculated, A BMDP statistical package 
was used for t-tests and correlations. 


Results. PK and PD data are summarized in 
tables l-2. Complete PK data was obtained for 16 
patients. We found no significant difference in any 
PK values between patients with and without hepatic 
disease. PD data were obtained for 16 patients, PD 
data were similar for both groups with the exception 
of the time to achieve 100% block (Peak) which was 
longer for patients with liver disease than for con- 
trol. For 13 patients with recovery data, plasma 
clearance correlated significantly with the time to 
beginning of recovery (r = -.78). One patient from 
each group showed no recovery at > 60 min. Recovery 
data was not complete for all hepatic patients 
because of surgical requirements. 


TABLE :. PHARMACOKINETIC VALUES (Mean + SD) 





Clearance Vdss tl/2 elim 
(ml/kg/min) (1/kg) (min) 
Normal 4.7 + 1.9 0.17 + 0.7 67 + 32 
(n = 97 = 
Hepatic 3.8 + 0.9 0.23 + 0.1 8l + 43 
(n= 75 





TABLE 2. PHARMACODYNAMIC VALUES (Mean + SD) 


Peak * Recovery of Control Twitch Tension 
(min) (min) 
(LOL% block) (begin) ** (25%) (50%) 
Normal 1.8 + .5 44 + 22 58 + 26 72 + 31 
<n = 9) (n = 8) (n = 8) (n = 8) 
Hepatic 3.0 + .74 33+ 12 44 + 15 65 + 32 
rn = 7) (n = 5) (n = 4) (n = 3) 


* = time from administration of VEC to peak effect 
** = time from administration of VEC to appearence 
ct first twitch 
E< .005 


+ 
ii 


e- 


Di=cussion. These data suggest that, when 
given it the recommended dose (0.1 mg/kg), VEC 
clearamœ and duration of action are unaffected by 
hepatoc=llular disease. Hunter (2) showed no effect 
on the curation of action of lower doses of VEC in 
cirrhotiz patients, but did show prolonged effect at 
higher <oses (0.2 mg/kg). Lebrault (1) suggested 
decreas=j clearance as a mechanism for prolonged 
effect following higher doses in cirrhotics. Otr 
data stow that duration of effect correlates with 
clearam=. Thus, VEC may have dose-dependent clear- 
ance (con-linear PK) in patients with liver disease. 
This cod be due to a limited hepatic uptake capa- 
city which is exceeded after doses of VEC greater 
than 0.[5 mg/kg. We conclude that with a dose bf 
O.1 mg/g, hepatic dysfunction does not affect the 
pharmacckinetics or duration of action of vecu- 
ronium, 
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Introduction: The increased frequency of 
dysrhythmias and bradycardia during induction of 
anesthesia in children is related to several 
factors, including the anesthetic drugs 
administered and the induction technique used. The 
purpose of this study was to compare tne effect of 
three different anesthetic regimens: i} pentothal, 
2) halothane, and 3) halothane with pentothal on 
the heart rate and rhythm in children. 

Methods: Ninety-one children, ages 1-10 
years, ASA I or II, scheduled for elective surgery 
were Studied after approval from our Human Subject 
Review Committee. Before induction of anesthesia, 
a blood pressure cuff, precordial stethoscope and 
continuously recorded lead II electrocardiogram 
were applied. The children were assigned to one of 
three induction groups: 1) pentotnal (STP) n = 68, 
2) halothane (H) n = 13, and 3) halothane and 
pentothal (H/STP) n= 10. The children in the STP 
group were induced with iv pentothal (5 mg/kg), 
atropine (0.02 mg/kg) and succinylcholine 
(1.5 mg/kg). The children =n the H group were 
induced with 70% nitrous ox:de/oxygen and halothane 
(up to 3% inspired) by face mask and were given 
iv atropine and succinylcho_ine before intubation. 
The children in the H/STP group were induced with 
nitrous oxide/oxygen/halothane (up to 3% inspired) 
and iv pentothal (3 mg/kg), atropine, and 
succinylcholine before intubation. End-tidal 
PCO» (PetCO>) was measured by infrared analysis 
immediately after intubation. The incidence and 
type of dysrhythmias, heart rates, PetCOs values 
and corrected Q-T intervals (Q-Te) among and within 
groups were compared using the Fisher-exact test, 
one- and two-way ANOVA and Student-Newman-Keuls 
test. Statistical significance was accepted at 
p £ 0.05. i 

Results: The incidence of dysrhythmias was 
greater in the H group (85%) than in the STP group 
(6%) and H/STP group (20%) {Table 1). Nodal rhythm 
and ventricular bigeminy were the most frequent 
dysrhythmias. Although the slowest heart rate 
during induction did not differ from pre-induction 
values in any of the groups, heart rate was slower 
in the H and H/STP groups compared to the STP group 
(Table 2). The PetCO> was greater in the H and 
H/STP groups compared to the STP group. The Q-Te 
intervals were prolonged in the H group with 
dysrhythmias and in the H/STP group without 
dysrnytnhmias compared to pre-induction values 
(Table 3). 

Discussion: The absence of Q-Te prolongation 
and the lower incidence of dysrhythmias in children 
anesthetized with pentothal compared to those 
anesthetized with halothane alone is consistent 
with previous evidence which suggests that 
pentothal attenuates the sympathetic response to 
the induction of anesthesia.! Furthermore, in 
the present study, fewer dysrhythmias occurred in 
the H/STP group compared to the H group despite 
prolongation of Q-Tc in both groups. These data 


Suggest that induction of anesthesia with pentothal 
may prevent dysrhythmias by attenuating the 
sympathetic response. It is also suggested that the 
lower PetCO. in the STP group provided some 
protection against dysrnhythmias. Since there were 
fewer dysrhythmias and the heart rate was stable in 
the STP group, induction of anesthesia with 
pentothal is appropriate when it is desirable to 
avoid cardiac rhythm disturbances in children. 


References: 
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TABLE 1 
AGE DYSRHYTHMIAS 
INCIDENCE NR VB VEB 





STP HH + 2.4 4/68 3 «260 1 
H 4.3 + 2.1 11/13* 6 5 2 
H/STP 5.8 + 3.1 2/10 0 1 1 


Data for age are mean (years) + SD 

INCIDENCE = number with dysrhythmias/total number 
of children 

nodal rhythm; VB = ventricular bigeminy; 

VEB = ventricular ectopic beats 

XP § 0.05 compared with STP and H/STP groups 


NR 














TABLE 2 
HEART RATE PetCO> 
PRE- SLOWEST IMMEDIATELY 
INDUCTION DURING INDUCTION AFTER INTUBATION 
STP 125 + 34 127 + 29 35 -+ ALT 
H 111 + 23 97 + 19* 47 + 5.3% 
H/STP 115 + 30 101 + 25* 42 + 7.0% 
Data are mean (bpm and mmHg) + SD 
PETCOs = end-tidal PCOs 
* P <x 0.05 compared with STP group 
TABLE 3 
Q-Te INTERVALS 
STP H H/STP 
TIME DYS NO DYS DYS NO DYS DYS NO DYS 
PRE- 413 425 402 416 467 454 


INDUCTION +39 +37 +27 +1 +44 +45 


ONSET OF HON 438  ų448* 473* 516 538** 

DYSRHYTHMIA +50 +35 +70 +14 + 4 +34 

Data are mean (msec) + SD 

DYS, NO DYS = with, without dysrhythmias 
respectively 

* Q-Te for children without dysrhythmias at the 
average time for the onset of those witn 
dysrhythmias 

* P $s 0.05 compared with pre-induction values 
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Introcuction. Numerous experimental and clin- 


ical reports document the reversal of opioid-induced 
respiratory depression with nalbuphine (Nb). Al- 
though authors suggest that Nb may be superior to 
naloxone (Nx) for this purpose, others remain skep- 
tical. Since we could find nc double-blind clinical 
comparison of the two drugs as opioid antagonists, 
we decided to perform such a study in the immediate 
post-operative period. 

Methods. The protocol was approved by the in- 
stitutionel review board and informed consent was 
obtained from 80 ASA I-III patients scheduled for 
elective general, orthopedic cr gynecologic surgery. 
Patients with a history of opioid analgesic use as 
well as patients having oral cr any respiratory sys- 
tem related surgery were excluded. Preoperative 
medication was left to the discretion of the clin- 
ical anesthesia care team. Anesthetic induction 
consisted of preoxygenation with 100% 0, for 3 min, 
15 ug/kg of fentanyl IV over 2 min, and ee mg/kg of 
sodium pentothal IV as required. Muscle relaxation 
was produced with succinylcholine, 1.5 mg/kg IV, 
after a defasciculating dose of a nondepolarizing 
agent. All patients were orotracheally intubated 
and anestnesia was maintained with 60% nitrous ox- 
ide, 40% oxygen and additional fentanyl, 100-200 ugs 
IV per hour. Isoflurane, 0.1-1.0%, and nondepolar- 
izing muscle relaxants were used in addition if 
required. Patients were mechanically ventilated to 
maintain an end-tidal CO, of 40+2 mm Hg (Hewlett 
Packard 47210A capnometer’ Isoflurane was discon- 
tinued 5-10 min before the end of surgery. After 
muscle relaxation was reversed with edrophonium and 
atropine, and a normal train-of-four and tetanus 
were sustained to peripheral nerve stimulation, NO 
was discontinued, The patient was then mechanical ly 
ventilated with 100% 0, for an additional 2 min 
after which time mechanical ventilation ceased. At 
this time respiratory rate (RR), tidal volume (TV), 
end-tidal co, (P aqt?) > blood pressure, heart rate, 
and the presence or absence of dysrhythmias were 
recorded and considered as baseline values for study 
purposes. If apnea persisted for another 2 min or 
spontaneous ventilation was inadequate (rate < 8 or 
TV < 4 ml/ kg), the patient was enrolled in the 
study and either Nx, 0.08 mg, or Nb, 2.5 mg, was 
given IV in a double-blind manner. Every 2 min the 
above data were collected and the same doses of an- 
tagonist were given until adequate spontaneous ven- 
tilation (RR > 7 and TV > 4 ml/kg) was sustained and 
the patient extubated. Prior to the onset of ade- 
quate spontaneous respiration, ventilatory assis- 
tance was given if 0, saturation, via peripheral 
pulse oximetry (Nelcor pulse oximeter), was < 90% or 
if P.,CO, was > 55 mm Hg. Arterial blood gases 
(Radiometer Copenhagen ABL-2) were obtained with the 
onset of spontaneous respiration and 30 and 60 min 
later. In the recovery room HR, BP, RR, TV, and the 
presence or absence of dysrhythmias were recorded 
every 5 min as were analgesic requirements. Anal- 
gesics were administered by the recovery room nurses 
in their standard manner Renarcotization, defined 
as RR < 8 in a non-stimulated patient, was also doc- 
umented and treated with Nx, 0.08 mg IV. Statisti- 
cal analysis was done using Hotelling t-square, 
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unpaired t-tests and Chi-square. P values less than 
0.05 tere considered as statistically significant. 
Number values below are mean + SEM. 

Eesults. Fifty-two of 80 patients reqvired 
opioic antagonism. Demographic data were similar in 
both groups. The dose of fentanyl received (Nx: 24.9 


S5 


+ 1.6 ug/kg; Nb: 24.9 + 1.2 ug/kg) and duration of 


anestŁesia (Nx: 179 + l6 min; Nb: 165 + 14 min) 
were rot statistically different for the two groups. 
The time from the termination of mechanical ventila- 
tion ~9 extubation was 6 + 2 min in the Nx group and 
7 + 3 nin in the Nb group. 
-6 doses of Nx (0.08 mg/dose) vs. 2.3 + 1.4 doses 
of Nb (2.5 mg/dose). Vital signs starting witk the 
termication of mechanical ventilation and during 
reverzél are in Table I and no statistical differ- 
ences were found between the two groups. 


Table I. Vital Signs Min After Stopping 
Mechanical Ventilation 
0 2' 4" 6! 
SBP 108+4 108+2 119+ 25 128 + 27 
Nx HR 6342 6643 8045 83 +7 
Group RR 0 O 6.94 1.4 13.3 + 1.6 
TV 0 O 243 +57 553 + 81 
SBP 114 +3 11444 12444 137 +7 
Nb HR «= 6L +20 6543 7945 81 + 3 
Group RR 0 0 6.7 + 1.4 11.3 + 1.8 
TV 0 O 232+ 66 504 ¥ i01 


Patients required 1.8 + 


No di:ference existed in the pH, PaO,, or PaCO, when 
spontaneous respiration began or 30 and 60 min later 
Table II. 


? 


Table II. Paco, For One Hour Following Reversal 
Onset of 30 min 60 min 
Spont. Resp. 
tx Group 48.7 + 2.0 44.5 + 2.1 41.2 + 2.1 
Lb Group 90.3 + 2.0 43.2 + 1.3 42.4 + 0.9 





Similzrly there were no differences in the vital 
Signs in the recovery room. Two patients experi- 
enced PACs (both in the Nx group) in the RR that 
were «f no hemodynamic consequence. Only 4 patients 
required additional opioid antagonist in the recov- 
ery reom, 3 of which were in the Nx group. Although 
twice as many patients reversed with Nx required 
analgesics in the recovery room than did those 
rever.ed with Nb (10 vs 5), this difference did not 
reach statistical significance. 

Fiscussion. 


The results of this study demon- 


strat= that naloxone and nalbuphine are indistin- 
guishzble when titrated IV as narcotic antagonists 


after large doses of opioids. 


Both produced sinilar 


chang:s in HR and SBP and adequate reversal cf re- 


spira ory depression. While neither 


guarantees 


absence of renarcotization, this problem occurred in 


only l of 26 patients reversed with Nb. 


Patients 


reversed with Nx may require analgesic therapy more- 


frequently than those receiving nalbuphine. 
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Introduction Data The following table summarizes the results. 

BW BIO90U is a short-acting nondepolarizing Referenced data for atracurium are shown for 
relaxant currently in clinical trials. It is comparison. Results are + SE. 
rapidly hydrolyzed by human plasma cholinesterase. 
Its duration is twice that of succinylcholine at Recovery Time (min) 
intubating doses and half that of atracurium and Infusion Time off - 
vecuronium at equipotent doses. BW B1090U is Drug. min 25% 25-75% 5-95% 
readily reversible by anticholinesterases. This 
paper explores the use of BW B1090U by infusion and 1090 Initial Bolus --- 6.8 14.2 
compares this with infusion of both vecuronium (n=15) 40.4 +0.5 
(this study) and atracurium (by reference). 

1090 84.2 5.25 6.3 13.9 

Nethods $3.9 +0.4 +0.2% 40.6? 

Fifteen ASA I-II patients aged 18-49 years were (n=15) (60-106) 
studied with BW B1090U after obtaining 
institutionally approved written informed consent. Vecuronium 95.2 12.7 13.3 30.0 
Nine ASA I-II patients aged 18-49 years were +8.6 +1.3#% +0.9## 41.28% 
studied with vecuronium after oral informed (n=9) (56-107.5) 
consent. All patients were premedicated with 2 
diazepam 0.10 mg/kg p.o. and morphine 0.1 mg/kg Atracuriun 93.2+6 --- ¢.8 25.1 
i.m. Anesthesia was induced with thiopental (n=11) (58.2-117.5) 
4~8 mg/kg and fentanyl 4-6 pg/kg IV. Maintenance 
was with 66% nitrous oxide in oxygen and £ NS vs Single Bolus 
ventilation was controlled to maintain normal ## p <0.001 vs BW B1090U single bolus and 
Paco. Intubation of the trachea was accomplished infusion 
following BW B1090U or vecuronium. Further 
thiopental and fentanyl were given to control Discussion 
arterial pressure and heart rate. Force of thumb BW B1090U) exhibits admirable clinical 
adduction was transduced and recorded continuously characteristics when used to maintain neuro- 
in response to supramaximal ulnar nerve stimulation muscular blockade via the infusion method. The 
at 0.15 Hz. After stable controls were obtained, blockade is noncumulative, predictable, and of 
neuromuscular blockade was induced. The 1090U half the duration of 3atracurium and vecuroniun. 
group received a bolus dose of 0.2 mg/kg. Recovery Further, Ramsey et al~ found in their infusion 
times were measured at 5-95% and 25-75%. When the study of succinylcholine under N20-02-narcotic 
evoked response spontaneously recovered to 95%, anesthesia, 24 of 32 patients developed phase II 
block was reinduced with 0.15 mg/kg of 1090 IV. block. Twelve recovered from 5-95% spontaneously 
When the response had returned to 5% of control, an in 15.043 minutes, which compares favorably with 
infusion was begun to maintain blockade at 95-99%. BW B1090U. However, the remaining 50% of Ramsey's 
The vecuronium group received an initial bolus of patients had not spontaneously recovered to more 
0.1 mg/kg I.V. and when blockade was beginning to than 75% of control in 31.0+5 minutes and required 
recover, an infusion was begun to maintain block at anticholinesterase reversal. Thus, BW B1090U 
95-99%. All infusions lasted one to two hours and appears to possess superior clinical 
were allowed to recover spontaneously. Recovery characteristics when used by infusion compared to 
times were méasured as shown in the table. Data those agents currently available. This may prove 
were analyzed using both correlated and especially desirable for day surgery and longer 
uncorrelated t-tests with p < 0.05 considered procedures where rapid spontaneous recovery is 
significant. important. 
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Introduction Premedication is an important aspect of 
preparing the patient for surgery. The purpose of 
preoperative medication is to reduce anxiety, produce 
sedation and decrease post-operative recall. 
Benzodiazepines are frequently used because of their 
ability to produce these effects. Ik has been proposed 
that triazolam, a benzodiazepine with a faster onset and 
shorter duration of action than diazepam, may be a more 
useful preoperative medication. In this study we 
compared the anxiolytic, sedative and amnesic 
effectiveness of triazolam and diazepam, at 3 com monly 
used doses of each, against values obtained with placebo 
treatment and also against a theoretical "no-effect'' 
value. 


Methods The protocol was approved by our institutional 
review board. Patients were ASA Class I or IL, between 
18 and 50 years old, and with no recent or habitual use of 
CNS depressants. After giving informed consent, each 
patient was randomly assigned to receive one of 7 test 
medications orally: placebo; triazolam 0.125, 0.25 or 0.5 
mg; or diazepam 5, 10 or 15 mg. Two hours prior to 
surgery a nurse clinician scored each patient's level of 
apprehgnsion and sleepiness on separate 1-10 rating 
scales,“ with 1 denoting the lowest possible level and 10 
the highest. The test medication was given and the same 
behavioral evaluation repeated 6C minutes later. At that 
time the patient was also shown 2 different picture cards 
for recall testing 24 hours postoperatively. 

Paired t-tests were used to determine whether 
differences (^) between O min and 60 min scores for 
apprehension and sleepiness were significantly different 
from zero, the theoretical nc-effect value. Each 
medicated group's 4 apprehension and Asleepiness values 
were then compared with placebo by use of unpaired t- 
tests. The fraction of correctly recalled pictures was 
compared between groups using Fisher's exact test. P<.05 
was considered statistically significant. 


Results Comparisons of the anxiolytic, hypnotic and 
amnesic effects of triazolam, diazepam and placebo used 
as anesthetic premedication are summarized in the 
table. All groups including placebo showed decreases in 
anxiety after 1 hour. For 5 of the 7 groups—all except 
placebo and diazepam 5 mg—this anxiolytic effect was 
Significant: i.e. anxiety was less than zero at the P<.05 
level. On the other hand, only one of those 5 treatments, 
triazolam 0.5 mg, was significantly better than placebo 
at relieving anxiety. The pattern of hypnotic efficacy 
was exactly the same: all treatments except placebo and 
diazepam 5 mg significantly increased sleepiness, but 
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N TUG/DOSE (mc) AAPPREHENSION ASLEEPINESS RECALL 


11 "GALCER -0.5 + 0.5 +1,2 + 0.7 1,00 
11 “EYAZOLAM .125  -1,3 4 0.4° +2,2 40.5% 9,95 
9 125 -1.0 t 0,4° +2,6 t 0,8° 9,78 
ll 5 -2.2 t 0,47 +4,1 ł 0,7+ 9,687 
8  AZEPAM 5 -1,0 + 0.8 +0,4 + 0,6 1,00 
1] 10 -1,3 + 0,4° +1,640.3" 1,00 
9 15 -1,4 + 0,4° 43,84 1.1% 9.78 


* .05 vs NO EFFECT; +P>,05 vs PLACEBO ano NO EFFECT 


only -4e highest dose of triazolam did better than placebo 
at a °-.05 level. In measurements of 24 hour recall, the 
place> and noeffect values were identical 
corre—/total = 1. Once again, only triazolam 0.5 mg 
provec superior to placebo and no effect. 


Sumc ary The ? nigher doses of diazepam and all 3 doses 
of ‘riazolam demonstrated statistically significant 
anxic_tie and hypnotic effects when used as anesthetic 
prem=jication. In addition, the highest triazolam cose 
Was ketzer than placebo in both categories and also in the 
inhib=on of recall. The validity of these results is 
strenz-hened by the dose-dependence of the observed 
effec: despite the limited numbers of patients in the 
various groups. 

Tur purpose was not to compare diazepam and 
triaz-am directly against each other on a dose-by-dase 
basis t rather to determine which of the drug/dcse 
comtretions commonly used is most effective in 
proditing sedation, decreasing anxiety and preventing 
recaL. Clearly, triazolam 0.5 mg was the most effective 
of tha e tested—in fact, the only one consistently better 
than :acebo. 
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(utroduction, Tne historical evolution of the 
cervical plexus block (CPB) nas favored the lateral 
route, injection just superficial to the transverse 
processes, and caudad direction of the needle. 
Efforts to prevent multiple injections or to reduce 
total local anesthetic volume have culminated if 
the interscalene CPB technique. Tnough appealingly 
simple with injection of as little as 10 cc, the 
interscalene tecnnique has had only an 81% success 
rate in our residents' nands. Reliable in the 
hands of our most junior residents, the inter- 
tudercular approach to CPB has evolved as a new 
technique requiring as little as 8 cc total local 
anesthetic for successful, uncomplicated blockade. 

Metnods. Known as Chassaignac's or tne carotic 
tubercle, the so-called costal element of the 
transverse process of the sixth cervical verteora 
provides rapid superficial orientation for intertu— 
vercular CPB. Independent of a patient's age, sex, 
or build, Chnassaignac's tubercle lies about one 
clavicular widtn above a point one third of the 
Clavicular lengtn lateral from the sternum. Ever 
tne casual examiner easily locates this tnumo-like 
proninence of transverse process with its attachec 
anterior and middle scalene muscles. The descrip- 
tion that follows assumes that the anesthesiologist 
is positioned at tne side of a supine patient whose 
neck is rotated 30° to the contralateral side. 
Tne palpating hand is tnat closest to the patient's 
nead. Juxtaposition of the index and middle fing- 
ers of the palpator's hand provides two finger pads 
for medial-to-lateral palpation of the anterior as 
vell as posterior tubercles. Tne small depressior 
sensed between the two tubercular prominences i= 
the sulcus which transmits the sixth cervical 
nerve, Tne index finger is angled minimally caudac 
along the plane bisecting the intertubercular 
line. In order to locate the transverse process of 
the fifth cervical verteora, the middle finger is 
applied parallel to the index finger approximately 
1 to 1 1/2 cm cephalad from Chassaignac's tubercle, 
in the general direction of the mastoid process. 
when a prominence is palpated, the ring finger ig 
applied in a similar fasnion, yet another 1 to T 
1/2 cm cephalad towards the mastoid process and the 
prominence of the fourth cervical transverse pro- 
cess ascertained. Triangulation from the intertu- 
bercular odaseline towards an apex at the fourtr 
cervical transverse process constructs a plane tan- 
gential to the interverteoral sulci through whict 
the cervical nerves emerge. Moreover, perpendicu- 
lars to this odlique plane are naturally mildly 
caudad in orientation, because of the increasinc 
depth of the transverse processes as one palpates 
cephalad, Gradual digital pressure fron the rinc 
finger over the fourth cervical transverse process 
elicits mild discomfort or paresthesia in the 
respective dermatome, Advance warning to anxious 
patients who have experienced angina pectoris i= 
appropriate before evoking a fourth cervical pares- 
thesia. Replacing the ring finger, a short-beve™ 
22 gauge needle is advanced mildly caudad along z 
perpendicular to the triangulation plane betweer 
the tubercles of the transverse process of the 
fourth cervical vertebra. Following negative 





needle aspiration, 3 to 5 cc of local anestnetic 
solution is injected intartubercularly. In similar 
fasnion, the little finger palpates 1 1/2 cm 
further cephalad, and 5 to 10 cc of local 
anesthetic is injected intertubercularly after a 
negative aspiration. 

Results. Following informed consent, forty-two 
consecutive intertubercular CP8s were performed on 
male subjects ranging from 39 to 76 years of age. 
All subjects were ASA Class III and IV. Weighing 
from 58 to 105 kg, all patients had intertubdercular 
landmarks easily palpable by one of our anesthesia 
residents. All suojects had sustained transient 
ischemic attacks (TIAs). Cumulative prevalence of 
other major morbidities in this unhealtny popula- 
tion included crescendo TIA in 52%; cerebrovascular 
accident (CVA), 48%; multiple CVAs, 5%; exertional 
angina pectoris (AP), 29%; rest AP, 10%; myocardial 
infarction, 33%; hypertension, 75%; diabetes melli- 
tus, 33%; peripheral vascular disease, 52%; conges- 
tive neart failure, 14%; valvular heart disaase, 
19%; chronic obstructive pulmonary disease, 90%. 
Percentage of patients having cardioactive medica- 
tions included 57% with beta-adrenergic blockade; 
33%, calcium channel olockade; and 19% with nitrate 
therapy. Premedication included benzodiazepines in 
86% and opiates in 10%. Intertubercular CPB was 
performed with 0.5% bupivacaine in 71%, 1% lido- 
caine in 19%, and a mixture of the two in 10%. 
Total local anesthetic required for intertubercular 
CPB ranged from 3 to 15 cc. Complete neural òlocx- 
ade was achieved between 10 and 20 minutes after 
lidocaine and between 20 and 45 minutes after dupt- 
vacaine, All 42 intertudercular CP3s performed by 
the 13 inexperienced residents were successful, 
requiring neither repeat CP8 nor emergency conver- 
sions to general anesthesia. Supplemental local 
anesthetic was administered by the surgeon 1) at 
tne platysma (CN VII innervation) for some of the 
carotid endarterectomies, 2) deep to the clavicle 
(periosteum) for vertedral artery reconstruction, 
and 3) intratracheally (CN IX and X innervation) 
for tracheostomy. Two patients required emergency 
Shunting for neurological changes precipitated by 
cross-clamping the carotid artery. No patient sus- 
tained a perioperative MI or CVA. There were no 
neurologic or cardiovascular complications from the 
intertubercular CP8s. Haemodynamic stability was 
renarkable with only 14% of patients requiring 
Vasopressor or vasodilator infusions postopera- 
tively. All patients receiving intertubercular CPB 
felt tnat they would repeat this anesthetic for 
future neck procedures, and, indeed, one patient 
nad his contralateral carotid endarterectomy 
performed under intertubercular CPB. 

Discussion. Permitting profound blockade with 
as Tittle as 8 cc total of local anesthetic volume, 
the intertubercular approach to cervical plexus 
block (CPB) avoids the risxs posed by prior tech- 
niques, which include failed blockade and inadver- 
tent arterial, epidural, or subarachnoid injec- 
tion. Performed by the author and 13 previously 
inexperienced anesthesiology residents, 42 
consecutive intertubercular cervical plexus blocks 
were uniformly successful and free of complications. 
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Introduction. Clinically used 0.5% bupivacaine 
(PKa 8.1) has a low pH (4.0-6.5) to ensure water 
solubility. In vitro data suggests, however, that 
acutely raising the pH of the solution to 7.0-7.1 
should enhance onset time and duration of blockadel, 
without producing significant precipitation of 
bupivacaine crystals. 

A recent clinical study of alkalinized 0.53% 
bupivacaine in brachial plexus anesthesia showed a 
reduced time to onset and prolonged duration of 
sensory blockade when paS to 0.5% bupivacaine 
with epinephrine (pH 3.9)4. The present clinical 
trial was undertaken to determine the effect of 
alkalinized 0.5% bupivacaine when compared to 0.5% 
bupivacaine plain in brachial plexus anesthesia. 

Methods. The study was approved by the F.D.D. 
and the Human Investigation Committee at the 
University. Informed consent was obtained from 60 
(ASA Class I-II) patients, ages 16-65, weighing 
45-85 kg, scheduled for upper extremity surgery. 
Thirty patients were randomly assigned to each of 
two groups and a double-blind design was used. 
Patients were monitored using a standard 3 lead ECG 
and automatic blood pressure device. All patients 
were premedicated with diazepam 0.1 mg.kg™ 
intravenously immediately prior to performing the 
block. A subclavian perivascular brachial plexus 
block was performed following localization of the 
plexus by paresthesae and/or with the use of a nerve 
stimulator. 

Group I patients received 0.5% bupivacaine 
(Marcaine) in a dose of 3 mg.kg~l. Group II 
patients received 0.5% bupivacaine with 0.1 ml of 
NaHCO3 (8.4%) per 20 ml of bupivacaine (pH 7.05 - 
7.15) in a dose of 3 my-kg™!. Following completion 
of the block, sensory and motor blockade were 
determined at 1,3,5,10,15,20 and 30 min., and at 30 
Min. intervals for 6 hours following the block. 
Sensory blockade was determined by pinprick using 
skin dermatones C4-T2 (1 = no response, 

0 = pinprick). Motor blockade was assessed 
according to the following schema: 0 = no motor 
block, 1 = inability to abduct the shoulder or flex 
the elbow against resistance, 2 = inability to 
abduct the shoulder or flex the elbow against 
gravity, 3 = inability to abduct the shoulder, and 
flex the elbow and wrist against gravity. 

The results were analyzed using T-tests and One 
Way ANOVA. Post-ANOVA multiple comparisons were 
performed using Duncan's Test. A value of P < 0.05 
was considered significant. 

Results. The two groups studied were similar in 
age, height, weight and sex distribution (Table I). 
Blood pressure and heart rate were similar in the 
two groups and did not change significantly during 
the course of the study. Of the 30 patients blocked 
in Group I, 23 (77%) had adequate analgesia for 
surgery, while in Group II, 24 (80%) had adequate 


analg=sia. In Group I, 3 patients had a failed block, 

while 4 had partial analgesia, and in Group II, 3 

patients had a failed block and 3 had partial 

analgesia. The 3 patients in each group with a failed 
block were eliminated with regards to analysis of 
onset time, time to peak effect, and regression of 
blockade. 

Tine to onset and time to peak effect of sensory 
and mtor blockade did not differ significantly 
between the groups (Table II). Similarly no 
difference in regression of sensory or motor blockade 
was Coserved post-operatively between the groups. 

Nc instance of central nervous system or 
cardiovascular toxicity was observed in either group 
duriry the study. The single complication occurring 
was E pneumothorax requiring chest tube drainage 
(incidence 1.6%). 

DéScussion. In contrast to previous observations4, 
this study does not demonstrate any beneficial effect 
in alkalinization of 0.5% bupivacaine when compared to 
0.5% mupivacaine plain, when a dose of 3 mg.kg“? is 
admiristered. Bupivacaine 0.5% is a safe and 
effective agent in brachial plexus blockade previding 
proper technique and precautions are followed. 
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Table I 


Solution Age Height | Weight |Male/Female 
(yrs.) (in.) (kg.) Ratio 

Group I 

n = 30 40 +3] 68+1] 6841 19/11 

Groto II 

n = 30 37 +2] 67 +1 | 69 + 2 22/8 


Vali2s are mean + SEM; No Significant difference 


Table II 
Solction |Sensory blockade(min)} Motor blockade(min) 


Grotp I 

n = 27 4.0 + Laz 17.7 + 1.8 6.9 + 1.7 18.1 ł 1.8 
Grotp II 

n = 27 3.6 + 0.9 (16.3 + 1.8/6.3 + 1.5 


Valaes are mean + SEM; No significant difference 














15.1 + 1.9 
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Introduction. Reperfusion of a liver homo- 
graft is known to sometimes provoke a severe 
coagulopathy (1). Kang, et al (2) reported throm- 
bin time prolongation (TT) in 2 of 65 adult liver 
recipients. This suggests, contrary to previous 
reports (3), that circulating antithrombin agents 
rarely cause this coagulopathy. In light of this 
controversy, this study was undertaken to examine 
whether circulating heparin is a significant cause 
of reperfusion coagulopathy (RC). 


Methods. 65 liver recipients were studied (30 
adults, 41 + 7 yrs, 60 + 13 kg; 35 children 37 + 30 
months, 12 + 4 kg). Selection criteria, techniques 
of anesthetic and surgical management have been 
reported (4,5). The preservation solution used to 
flush the liver during harvesting and again before 
implantation contained 100 mg/l of heparin. Coagu- 
lation disorders detected prior to revasculariza- 
tion were corrected. Hemoglobin (Hb), hematocrit 
(Hct), prothrombin time (PT), partial thromboplas- 
tin time (PTT), thrombin time (TT), platelet count 
(PC), and fibrinogen (Fib) were measured before, 
and after revascularization of the liver. "Heparin 
effect" was defined as prolongation of TT and the 
PTT, with unchanged PT, PC and Fib within 5-10 
minutes of IVC unclamping. "Heparin effect" was 
reversed with protamine sulfate, by titration toa 
TT of < 18.5 seconds. 


Results. Figure 1 depicts the Hb, PT, PTT, TT, 
PC and Fib before and after revascularization and 
protamine therapy. In all 65 patients TT and PTT 
were significantly prolonged (39 + 19 sec) and (55 
+ 23 sec) respectively after revaScularization (p < 
201) (normal in our laboratory TT < 18 sec, PTT < 
35 sec) while PC and Fib were not significantly 
changed. In 62 patients titration of protamine 
returned PTT and TT values to normal. Fibrinolysis 
(invitro spontaneous redissolution of the clot) was 
diagnosed and treated in 3 patients, in whom 
protamine failed to correct TT, with exchange 
transfusion and epsilon aminocaproic acid. 


Conclusions. These data indicate that heparin 
sequestrated in the homograft entered the circula- 
tion when the IVC was unclamped and was responsible 
for the majority of cases of RC observed in our 
series. Protamine sulfate effectively reversed 
this “heparin effect". Occasionally, fibrinolysis 
was identified. Contrary to the report of Groth 
et. al (6) disseminated intravascular coagulation 
did not occur. 
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Fig. 1 
Effects of Protamine Sulfate on TT Following 
Revascularization of the Liver 
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Introduction -— The possibility for selective anta- 
gonism of the benzodiazepine effects opened,in 1981, 
new perspectives in the field of experimental phar 
macology and anesthesiology, as had occurred with 
the opioids in the past (1). Extensive "in vitro" 
and "in vivo" investigation, as well as the confirma 
tion of a wide safety range for clinical use, revea 
led the clinical usefulness of one of these com- 
pounds, Ro 15-1788 (2). Thus, we proposed in this 
investigation to verify the efficacy of Ro 15-1788 
during anesthesiology- surgical procedures. 


Methods - Informed written consent was obtained from 
all patients after the protocol had been approved by 
the University Ethics Committee. ASA I and ASA II 
patients were studied, divided in 2 groups of 10 
subjects each: group I (control) and group II ("anta 
gonist"). All patients were submited to elective 
surgeries under epidural anesthesia followed by se- 
dation with 2 mg of flunitrazepam. If the patient 
woke up before the end of the surgery, aditional do- 
se of flunitrazepam (1 mg) was administered. At the 
end of the surgery, CNS depression was evaluated in 
both groups. Group II patients received venous admi- 
Ministration of Ro 15-1788, initially 0.2 mg. Soon 
after CNS depression was again evaluated and if the 
the patient was still sedated, new doses of Ro 15- 
1788 were injected (0.1 mg), until the patient beca- 
me aware. Group I patients remained in the operating 
room during 60 minutes more, when the CNS depression 
was also once more evaluated. The antagonistic pro- 
perty of Ro 15-1788 was evaluated based on the fo- 
llowing psychological testing (3): 1) cognitive - Di 
git Symbol Substitution Test ({DSST), 2) psychomotor 
- Symbol Copying Test (SCT) and 3) memory - Digit 
Span (DS) and Auditive and Visual Memory(AVM), de- 
gree of muscular strength (MS) and the Central Ner- 
vous System (CNS) depression scale. Plasma levels of 
flunitrazepam 5 minutes after stopping Ro 15-1788 
infusion were tentatively correlated with the dose 
of antagonist in group II. Statistical analysis were 
performed with the following tests: Fishers exact 
test, Mann-Whitney U-test, unpaired Students t test 
and the multiple correlation test. 


Results ~ Following the administration of flunitra- 
zepam, group I patients displayed a diminished res- 
ponse to all psychological tests, whereas in group 
II patients normal performance was maintained. Al- 
so muscular strength was reduced in all patients in 
group I. Evaluation of the central nervous system 
depression showed that all patients from both groups 
were deeply sdated at the end of the surgical pro- 
cedure. However 60 minutes later, while group I pa- 
tients were still asleep and superficially sedated, 


all grup II patients recovered full awareness wi- 
thin 2 to 10min. following the administration of 
0.3 te 1.0 mg of Ro 15-1788. At this time,mean plas. 
ma levels of flunitrazepam (23.77 nefml) were above 
those minimum sedation levels stablished in the in- 
ternational literature (4). No statistical signifi- 
cance vas detected between plasma levels of flunitra 
zepam and the administered dose of the antagonist.No 
adverse effects possibly associated to Ro 15-1788 we 
re obs=rved. 





Group I Group II 
Test before after before after 
drug ad. FNM drug ad. ant.: 


yy 





DSST 12.2 2.1 12.4 12.2 
SCT | 29.4 9.3 30.0 23.9 
DS 13.4 10.8 13:5. 364 
Amnesia (2) 60.0 9 
Reduce! MS 100.0 D 
*CNS d-2ression scale 0O 1-2 0 ) 
* CNS -2pression scale: 0 to 7 score, 0 = full awa- 
reness 
7 = unrespon- 
sible 


Discus on - We concluded that Ro 15-1788 in the 
dose r-uge of 0.3 to 1.0 mg, completely reversed the 
follow ag effects of flunitrazepam: sedative—-hypno- 
tic, armestic and muscle relaxant (flunitrazepam 
plasma Levels at this point were all elevated). No 
intrinzec activity due to Ro 15-1788 were observed 
at these dose levels (5). Thus, it seems a useful 
drug ir the post-anesthetic recuperation of CNS de~ 
pressicm of patients submited to the action of flu- 
nitrazepam during anesthesia. 
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Introduction. Augmented right ventricular 2. Kay H, Afsnari M, Barasn P, et al: Measurement 
loading with positive end-expiratory pressure of ejection fraction by thermal dilution technique. 
(PEEP) increases rignt ventricular end-diastolic J Surg Res 1983; 34:337-345. 
volune index (RVEDVI) in association with decreased 
right ventricular ejection fraction (RVEF). TABLE I 
Because conventional pressure measurements of right 
ventricular preload do not account for alterations PEEP RVEDP RVEDVI RVESVI RVEF PYRI CI 
in right ventricular compliance or changes in oa eee 
juxtacardiac pressures, right ventricular cmH20 mnHg cc /m cc/m? % ds/cm5/m? L/m/m2 
end-diastolic pressure :RVEDP) may not correlate 
aith RVEDVI (1). 0 10+5 1444+17  92+16 36+14 «9210440 4,341.8 

5 7+5 119415 78418 36412 240438 4.0F1.4 

Methods. In accordance with an approved Human 10 10+4 122+12* 84414 33410 270F41* 3,441.2 
Investigations Comittee Protocol, thirty-six 15 1245 134+12* 99412 2948* 298736* 3,241.4 
(n=36) post-operative ventilated patients wera 20 15+6  152}14* 120+12* 2347* 360438* 2.641.3* 
evaluated during a graded application of PEEP a a 


(0,5,10,15,20 cmH20). Intermittent positive 





pressure ventilation was maintained at constant TABLE II 

tidal volume (mean=12cc/kg), FiO (mean=0.4), 

and respiratory rate (normocapnea). Hemodynamic PEEP ` RVEDP RVEDVI COEF CORR 
measurements recorded at end-exhalation included: 

heart rate (HR), mean arterial pressure (MAP), cmH20 mmHg cc/m2 r 
RVEDP, right ventricular peak-systolic pressure 

(RVPSP), pulmonary artery pressure (PAP), and 0-5 -3+2 -25+15 0.354 
pulmonary capillary wedge pressure (PCWP). Using a 5-10 +3+2 +348 0.114 
rapid response thennistor (50 msec) tipped 19-15 +2+2 +11+6 -0.510 
Swan-Ganz catneter, RVEF, RVEDVI, right ventricular 15-29 +3+2 +18+12 0.175 





end-systolic volume index (RVESVI) and cardiac 
index (CI) were calculated (2). 

Analysis of data was perfonned using one way FIGURE 1 
analysis of variance (meaan+SD), multiple linear 
regression, and coefficient of correlation, p< 0.05 
considered significant. 


Results. PEEP induced increases in pulmonary 
vascular resistance index (PVRI) were directly 
related to increases in RVEDVI (r=0.85, p< 0.01) 
and RVESVI (r=0.78, p<0.01); and inversely related 
to changes in RVEF (r=0.98, p< 0.01). CI changed 
significantly at PEEP>15 cm H20 while PCWP 
remained constant (Table I). RVEDP changed 
insignificantly and did not correlate with 
Significant changes in RVEDVI which ranged from 
119415 cc/m@ at 5 of PEEP to 152+14 cc/m at 20 
of PEEP (Table II) (Figure 1). ` 


A RVEDP (mm Hg) 


Discussion. Intermittent positive pressure 
ventilation with PEEP modulates right heart loading 
conditions and alters right ventricular diastolic 
pressure-volume relationships. During incremental 
PEEP there is no significant correlation between 
RVEDP and RVEDVI. Therefore, RVEDP does not 





accurately measure right ventricular preload during a -109 B 10 ena a 
PEEP. A RVEDVI (co/m?) 
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Introduction: End-tidal zas sampling is used 


to assess the adequacy of alveolar ventilation and 
anesthetic gas concentrations in pediatric 
anesthesia. However, end-tidal gas sampling is 
useful only if it approximates the arterial 
values.!~3 To determine if end-tidal gas 

sampling is useful in pediatrics, end-tidal and 
arterial values for pCU, were compared in infants 
and children during general anesthesia. 

Methods: with approval from the human Review 
Committee, 68 healthy infants and enildren 
scheduled for surgery requiring endotracheal 
intubation were studied. All infants and children 
were mechanically ventilated through an Ayre's 
t-piece. Tne total fresh gas flow was 2.5 to 3.0 
times the alveolar ventiiation. Positive 
end-expiratory pressure was avoided. After 
ventilation was contrvoiled for 15 minutes, a single 
breath end-tidal gas sample was obtained as 
follows: a #23 gauge needle was inserted through 
the wali of the endotracheal tube immediately below 
the connector. During tne next tidal volume, the 
fresh gas line was disconnected from the 
anesthetic machine at peak inspiration. During the 
same breath, 3-4 ml of expiratory gas were 
aspirated through tne needle into a 5 ml plastic 
syringe at end-expiration. An arterial blood 
Sample was then obtained from an in-dwelling 
arterial cannula or through a percutaneous arterial 
puncture. Botn end-tidal zas and arterial blood 
samples were analyzed in a Corning? blood/gas 
analyzer (Model 175). -After inserting the 
end-tidal -gas sample into the Corning” analyzer, 
the "reset" button was pushed twice to flush the 
sample chamber. The blood/gas analyzer was 
‘calibrated daily with standard solutions. The 
end-tidal and arterial pCO values were plotted 
on a linear scale. Least Squares Linear regression 
analysis (and the coefficient of determination, 
rê) were used to correlate end-tidal and arterial 
pCO. values. 

Results: Tne mean (+ SD) age and weight for 
the 08 children were 6.4 + 5.1 years and 18.4 + 
16.3 kg. The mean (+ SD) end-tidal and arterial 
pCOs values were 33.6 +-6.9 mm Hg and 33.6 + 
were used to correlated very closely with the 
arterial pCO (r? = 0.97) (Figure). 

Discussion: Single breath end-tidal pCO» 
measurements accurately approximate the arterial 
pCO> values in infants and children who are 


mecha.jically ventilated with a partial rebreathing 


cireu t. 


Previous studies have suggested that 


conti.'uous gas sampling in pediatrice patients may 
not aecurately approximate the arterial gas 


tensi=-1s. 


To minimize inaccuracies in 


econticuous end-tidai zas sampling, we recommend 
the use of single breath end-tidal gas sampling 
for essy, accurate, and non-invasive pCvs 
monitcring in infants and children. 


1. 


(mm Hg) 
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Introduction. Case reports suggest that 
occasionally patients receiving general anesthesia 
recall some intraoperative events, but prospective 
studies have failed to elicit evidence of such 
"awareness." These studies used direct recall tests 
in which patients were asked to recall information 
(e.g., a list of words) reed to them during 
surgery. Squire and his colleagues have recently 
described several "subtle," indirect tasks which 
provided evidence of weak memory traces in amnesic 
patients that were not detected by direct memory 
tests. Such indirect tests might be useful in 
assessing memory for intraoperative events and 
effects of anesthetics on memory. We therefore 
examined several indirect tests to see if any 
resisted the memory-impairing effects of a 
subanesthetic concentration of nitrous oxide. 


Methods. Thirty-two healthy young subjects (Ss), 
half men and the others women, participated. 
Informed consent and institutional approval for the 
Study were obtained. Under double-blind conditions, 
half the Ss inhaled 30% nitrous oxide in oxygen 
(monitored by an infrared analyzer) and half 
inhaled 100% oxygen as a control. Tests were given 
before and again during gas inhalation. For each of 
three tasks derived from Squire's work, Ss heard a 
list of words twice and then were asked to write 
down as many of the words as they could. Following 
this direct recall test, one of the "subtle," 
indirect tests was given: (l) In Constrained 
Associations, for each of six categories (e. g. 
MILITARY TITLE), Ss were given up to 90 seconds to 
write eight examples of the category (e.g., 
GENERAL). (2) In Free Associations, for each of a 
series of words (e.g., KING), Ss wrote the first 
word that came to mind (e.g., QUEEN). (3) In Word 
Completion, for each of a series of three-letter 
word beginnings (e.g., BAL), Ss wrote a word 
starting with those letters (e.g., BALANCE). The 
words on the list which Ss had been asked to 
remember provided appropriate answers for half the 
items on each of the indirect tests. The score was 
derived by counting how many of these words were 
given and was adjusted for performance on the 
remaining distractor items. The score for 
Constrained Associations, for instance, indicated 
how much the likelihood of Ss giving a word as an 
example of a category was increased by including 
that word on the list of words Ss had been asked to 
remember. Ss returned for a second session 24 hours 
later. The tests described above were repeated to 
examine retention of the previous day's learning. 
No drug was administered. 


Results. The effects of nitrous oxide were 
determined by analyses of variance. Appropriate 
interactions were examined for significance at the 
p < .05 level. Nitrous oxide markedly impaired 
recall of the words in the direct memory tests. 
Averaged over the three tasks, recall during gas 


Departments of Anesthesia and Psychology, University of Iowa, Iowa City, Iowa 52242 


inhalation was only 27% of the whole list for the 
nitrous oxide group compared to 55% for the control 
group. Corresponding scores before gas inhalation 
were 68% and 70%, respectively. In the test 24 hours 
later, recall of the words heard during gas 
inhalation on the previous day was only 9% for the 
nitrous oxide group vs. 23% for the controls. 
Corresponding scores for words heard before gas 
inhalation were 34% and 31%, respectively. 

The indirect tests varied in their sensitivity to 
the impairing effect of nitrous oxide on memory. 
The Constrained Association test was the most 
resistant. Its scores were similar during gas 
inhalation for the nitrous oxide group and the 
control group (both 13%). Corresponding scores 
before gas inhalation were 20% and 16%, 
respectively. A similar absence of drug effects was 
seen in the test 24 hours later. The scores for 
words heard during gas inhalation on the previous 
day were 10% and 11% in zhe nitrous oxide and 
control groups, respectively. Corresponding scores 
for words heard before gas inhalation were 14% and 
12%, respectively. 

Of the other two tests, Word Completion was more 
reliable than Free Associations as an indirect test 
of memory. The overall average score for Word 
Completion was 14% compared to sta, 2% for Fr Free 
inhalation were lower for the RET S oxide group 
(7%) than for the control group (18%), but the 
groups showed a comparable difference before gas 
inhalation (scores of 20% and 28%, respectively). 
In the test 24 hours later, the scores for words 
heard during gas inhalation on the previous day 
were 5% and 15% in the nitrous oxide and control 
groups, respectively. Corresponding scores for 
words heard before gas inhalation were 8% and 15%, 
respectively. 


Discussion. What characteristics of the Constrained 
Association task made it the most successful of the 
indirect tests? One distinguishing feature was that 
it was the hardest. Some Ss could not give the 
required number of responses in the Constrained 
Association task, whereas no Ss failed to give the 
required responses in the other indirect tests. 
Perhaps a difficult task in which the Ss must work 
hard to think of appropriate responses is more 
likely than an easy one to elicit words that may 
have been weakly activated by presentation during 
nitrous oxide inhalation. In any case, our results 
indicate that the Constrained Association test 
seems very promising for investigating memory 
during general anesthesia and surgery. 
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Introduction. Since 1976, and the publication of 
Albright's now famous editorial concerning cardiac 
arrest and the subsequent failures of resuscitation 
with bupivacaine(l)}, the risks and benefits of 
bupivacaine have been re-evaluated. The long duration 
of bupivacaine coupled with its high degree of pro- 
tein binding and low maternal:fetal ratio however, 
made it difficult to abandon in obstetrical anesthe- 
sia. As a result, numerous attempts were made to 
modify the technique of administration of epidural 
analgesia utilizing lower doses, combinations with 
narcotics(2,3), and varied methods of administration 
(4), with very promising results. The effects of 
these techniques on labor, have not been adequately 
investigated. The aim of the present study was to 
determine the effects of a low. dose bupivacaine/ 
fentanyl combination in continuous infusion epidural, 
using two groups of closely matched parturients, on 
the second stage of labor. 


Methods. The study consisted of 46 laboring 
parturients with no obstetrical or medical complica- 
tions. Twenty three patients were given segmental 
epidural analgesia with bupivacaine/fentanyl 
(epidural group) and 23 were given no analgesia or 
meperidine 25-50mg intravenously (control group). 
Each "epidural" parturient was assigned a matched 
control with identical parity, labor (spontaneous vs. 
induced/augmented), and managed by the same 
obstetrician, within the same month if possible. 
Fetal heart rate (FHR), uterine activity, maternal 
heart rate and blood pressure were monitored 
throughout labor. All patients were premedicated with 
a clear antacid and prehydrated with 1-1.5L or 
Ringers Lactate solution. Episodes of hypotension 
were treated with ephedrine IV in 10mg increments if 
conservative methods failed. Lumbar epidural block- 
ade was performed via the L2-3 or L3-4 interspace in 
the sitting position, once the patient was in active 
labor and the cervix was 4cm dilated. Following a 
test dose of 3ml bupivacaine 0.5% with epinephrine 
1:200,000, 10 ml of 0.125% bupivacaine with fentanyl 
50ng, was administered in two divided doses and an 
infusion was started with a mixture of 0.125% plain 
bupivacaine and fentanyl lyg/ml. The infusion rate 
was lOml/hr (hour 1), 8ml/hr (hour 2), and 6mi/hr 
(subsequent hours). Comparisons of the second stage 
durations were made between control and epidural 
groups separating nulliparas and multiparas. Statis- 
tical analyses of data were performed using Student's 
t-test for independent samples. A "p" less than 0.05 
was considered statistically Seni ficaae: The re- 
sults and statistical interpretations are recordeu 
in Table 2. 


Results. Within each group, 10 patients were 
nulliparous and 13 were multiparous. The mean height 
and weight of the parturients is noted in Table 1. 
There were no statistically significant differences 
in the two groupss with regard to these demographics. 
Comparison of these closely matched groups of 
parturients revealed no statistically significant 
difference in the duration of the second stage of 
labor when utilizing continuous infusion bupivacaine/ 
fentanyl lumbar epidural for analgesia during labor. 


zscussion. The use of continuous infusion epi- 
dural analgesia is not a new technique. It was first 
descr5ed in 1963(5), although its popularity has not 
flouržshed since that tíme. With improvements in 
technc_ogy however, the technique has not only become 
feasatle, but popular. The continuous infusion 
methoc not only eliminates the periods of inadequate 
pain ra lief for the parturient without detrimental 
effect on the baseline fetal heart rate, uterine 
activiczy or the neurologic and adaptive capacity 
scores of the neonate(6), but it also eliminates the 
dangezrsus large boluses and allows the use of lower 
concer-rations of bupivacaine with less potential 
toxic.ry. We conclude that the bupivacaine 0.125%/ 
fentacyl lpg/ml continuous infusion epidural does not 
prolonz the second stage of labor. 
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Anest wsiology. 1979;51;285. 
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5. Sott.DB, Walker LR. Administration of continuous 
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Table 1. Patient demographics 
] 
! Weight (lbs.) Height (in.) 
Mean + SD Mean + ED 
NULL IPARAS ' 
Ej dural 158.70 + 35.78 i 64.80 + 2.01 
Ccatrol 180.10 + 21.17 64.85 + 2.32 
MULTEPARAS 
Eg dural 167.77 26.78 64.77 & 2.74 
Cœtrol 155.00 + 36.32 62.73 + 1.94 
Table 2. Duration of the 2nd Stage of Labor (ninutes) 
NULL PARAS 
Epidural 75.30 + 44.32 = 
Centrol ` 71.70 + 50.32 parag 
MULT-?ARAS 
Epidural 43.46 + 29.56. _ 
45.46 + 44.83 eee 


Ceatrol 
| 





Valuss are Mean +’ SD 
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Introduction. The effects of positional changes 
or various spinal anesthetic agents on diaphragmatic 
respiratory function in the pregnant patient has not 
been studied extensively. As the pregnancy pro- 
gresses, abdominal breatning decreases while thoracic 
breathing increases (1). Intercostal muscle activity 
however, is susceptable to blockade during spinal 
anesthesia as the level of motor blockade rises. 

This study was undertaken to investigate the effects 
of a positional change, and the effects of two 
different spinal anesthetics, pontocaine and 
bupivacaine, on respiratory function in the 
parturient. 


Methods. Following approval by the Medical 
Research Committee, thircy ASA Class I or II preg- 
nant females at term, free of respiratory illness, 
were studied prior to and during elective cesarean 
section. The Forced Vital Capacity (FVC) and 
Negative Inspiratory Force (NIF) were measured in 
all parturients .(n=30) while sitting erect and 
repeated with the patient supine with right uterine 
displacement (RUD). After oral antacid premedica- 
tion and appropriate prehydration, the participants 
were then assigned to one of two groups by the 
anesthesiologist performing the spinal. Group A 
(n=15) received Bupivacaine 0.75%/Dextrose 8.25%, 
while Group B (n=15) reveived Pontocaine 1%/ 
Dextrose 10% with doses appropriate for a T4 sensory 
level. Spinal anesthesia was administered in the 
lateral position, at L2-3 or L3-4 and the patients 
were immediately returned to the supine position with 
RUD and oxygen was administered by mask. After the 
sensory level was measured by pinprick, FVC and NIF 
measurements were repeated by a respiratory therapist 
and anesthesiologist, unaware of, the agent used.. 
Statistical analyses were performed on all data 
using Student's "t" test, paired and unpaired where 
appropriate, with "p" less than 0.05 significant. 


Results. There was no significant difference 
between the two groups with respect to height, weight 
Body Mass Index (BMI), or sensory level of spinal 
anesthesia. Comparing FVC and NIF (Table 1), there 
is no significant difference between the sitting and 
supine positions. The second part of the study 
compares the supine unanesthetized to the supine 
anesthetized parturient. Again, there is no signifi- 
cant difference (Table 2} in either group, before or 
after administration of either of the spinal 
anesthetic agents. Likewise there was no significant 
difference (Table 2) when comparing bupivacaine to 
pontocaine. The post spinal values for each agent 
were compared to pre spinal values and a percentage 
of the control was calculated. These percentages 
were compared for both agents and again showed no 
significant difference between the two agents. 


Discussion. Despite the theory that the uterus 
may impinge upon the diaphragm, especially while the 
parturient is sitting, our results indicate that 
there is no statistically significant impairment of 
respiration, sitting opposed to supine. The purpose 
of the second part of the study was to evaluate, 
using two distinctly different agents, what assist if 
any, the intercostals provide. Our results demon- 
strate no significant impairment of respiration while 
sitting, supine, or anesthetized, despite the agent. 
It appears therefore that the contribution to respir- 
ation by the intercostals in the parturient is no 
more significant than in the nonpregnant patient. If 
respiratory insufficiency occurs, it is probably a 
result of inadequate perfusion of the respiratory 
control centers in the medulla, secondary to hypo- 
tension (2). The parturient appears to be no more 
susceptable to a "motor blockade" respiratory 
insufficiency than the surgical patient. 


References. 
l1. Shnider SM, Levinson G. Obstetric Anesthesia. In 
Miller RD, ed. Anesthetis, Vol 3, 2nd Ed. New York, 
Churchill Livingstone, 1986; 1681-1728. 
2. Greene NM. Physiology of Spinal Anesthesia. 3rd 
Ed.: Baltimore, Williams & Wilkins, 1981; 147-168. 


Table 1. Measured Values of Sitting vs. Supine 


Sitting Supine P 
FVC 2.834 + 0.108 2.740 + 0.100 0.5348 
NIF 63.167 + 5.35 63.600 + 5.14 0.9084 


Values are MEAN + standard error of mean (SEM) 


FVC values are Liters, NIF values are cm HAO 


Table 2. Comparison pre/post spinal (agent specific) 


Pontocaine Bupivacaine 
i l (n=15) (n=15) 
FVC Prespinal 2.698 + 0.115 2.783 + 0.167 
Postspinal 2.510 + 0.142 2.760 + 0.138 
p 0.3156 0.8810 
NIF Prespinal 54.33 + 5.55 72.86 + 8.17 
Postspinal 53.70 + 5.32 69.03 + 7.92 
P 0.8942 0.7352 
. Sensory T= 4.13 + 0.13 4.20 + 0.26 
p=-0.8063 
Sp# Control (FVC) 92.88 + 3.18 101.26 + 4.41 
p= 0.1315 
Sp% Control (NIF) 99.40 + 3.56 95.60 + 4.50 
p= 0.5200 


Values are MEAN + standard error of mean (SEM) 
FVC values are Liters, NIF values are cm H0 
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Introduction, In normal native kidneys 
dopamine (1-5yg/kg/min) increases renal plasma flow 
(by approximately 572%), glomerular filtration rate 
(GFR, by 16%), and urine output (UO). A newly 
transplanted kidney however has been subjected to 
surgical denervation, trauma, hypothermia, ischemia, 
and large doses of lasix and mannitol. Thus it may 
be less responsive to dopamine than a native kidney. 
To determine this we studied the intraoperative 
effects of dopamine on UO and GFR after 
revascularization of transplanted kidneys. In these 
studies GFR was estimated by using the clearance of 
meglumine iothalamate (MI), a substance thet like 
inulin is filtered b the kidney but neither 
secreted nor reabsorbed. 


Methods, After institutional approval and 
informed consent we studied 14 adult patients with 
end stage renal disease undergoing renal 
transplantation from related donors. After 
premedication with halcion (0.125-0.25 mg po) 
anesthesia was induced with thiopental (2-4 mg/kg) 
and maintained with N20 60% in 02 and isoflurane (12% 
end-tidal concentration) as measured by mass 
spectrometry. Following induction of anesthesia a 
central venous pressure lina was placed in the 
control patients (group 1, n=8) and a pulmonary 
artery catheter was placed in the patients who were 
to receive dopamine (group 2, n=6), Both groups of 
patients received IV fluid to maintain the CVP at 
pre-revascularization levels. Pricr to 
revascularization MI was administered by IV bolus 
followed by an infusion in order to achieve an 
approximate plasma iodine concentration of 0,152, 
All patients also received lasix (80mg) and mannitol 
(12.5g) prior to the release of the vascular clamps. 
After ureteral implantation and bladder closure 
blood and urine samples were collected every 5 
minutes for 45 minutes. GFR was determined for each 
period by measuring iodine concentration in plasma 
and urine by fluorescent excitation analysis. In 
group 1 samples were collected as described above, 
In group 2 blood and urine collections were begun at 
the same time following revascularization as in 
group l. After 15 min of sampling, dopamine was 
infused at a rate sufficient to maintain the cardiac 
output (CO) at 102% above the pre-revascularization 
level and sampling was continued for an additional 
30 min. For each collection period mean arterial 
pressure (MAP, Dinamap), heart rate (HR), CO, and UO 
were measured and systemic vascular resistence (SVR) 
and GFR were calculated. Data were compared using 
Student's t test for unpaired samples. A value of 
P<0.05 was considered statisically significant. 


Results. UO and GFR did not differ between the 
two groups at any time during the collections (Table 
l, Table 2, X+SE). MAP remained stable in group 1 
throughout the collections (Table 1). During the 
infusion of dopamine, CO and MAP increased in group 
2 without a change in SVR (Table 3, X+SE). 


TABL= 1; UO, GFR, and MAP (Group 1) _ 
Time | nin) 0-15 15-30 30-45 


MAP Gon Hg) 82.441.8 83.74+2.5 79,142.1 
Effect of Dopamine on UO and GFR 

TABE 2: oes (Group 2) 

“No Dopamine Dopamine 
Time! nin) 0-15 15-30 30-45 
U0 (r/min) 13.1+1.6 17/649. 16.8+2.1 
GFR=1/min)  29.7+2.8 35.9+3.9  35.2+2.6 

Cardiovascular Effects of Dopamine 
TABEL 3: (Group 2) _ 

No Dopamine Dopamine 
Tim min) 0-15 15-30 30~45 
MAP m Hg) 99.8+3.6 110+4.5 110+2.9 
HRC m) 7643.6 — 80+2.8 73+3.8 
CO(= ‘min) 6.7+0.7 7.8+0.7 7.440.6 
SYR 1220+145 1140+114 1240+104 


*SVR was measured in avneseeey ea 


Discussion, In spite of trauma, hypothermia, 
and —schemia the GFR for a newly transplanted kidney 
(re_=ted donor) was approximately 90% (40 ml/min) of 
tha— for a single native kidney. Infusion of 
dopamine (l-5yg/kg/min) did not significantly 
incm2ase the GFR or UO of the transplanted kidney. 
The C9 and MAP increases suggest that more than a 
dopeainergic dose was administered, whereas the 
sta-l2 SVR suggests absence of alpha receptor 
stimulation. The lack of dopamine effect could be 
explained in several ways: 1) Dopaminergic receptor 
res>nsiveness was depressed by the ischemia, 
trea, and hypothermia. 2) A maximal response had 
alrmady been achieved in the kidney by the lasix and 
mar—itol. We conclude that dopamine may not be 
useful, intraoperatively, to improve GFR and UO in 
the cransplanted kidney. 


References. 1. Goldberg, L., Pharmacolcgical 
Retrews, 24:1, 1972, 
2. Guesry, P. et. al., Clinical Nephrology, 3:134, 
195. 
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INTRODUCTION: In 1982 McGown? reported the 
largest single series of 500 consecutive caudal blocks used 
to provide operative anesthesia and postoperative 
analgesia in children. His series, however, reported 
several serious complications. There were four peri- 
operative deaths and seven cardiac arrests, four of which 
were directly attributed to toxic reactions to local 
anesthetics. 


The purpose of this study was to document the safety 
of caudal blocks used in conjunction with light general 
anesthesia when used to provide adjunct intraoperative 
anesthesia and/or postoperative pain relief for surgical 
procedures below the diaphragm in infants and children. 


METHODS: The standard procedure for block 
placement at our institution was followed. Informed 
consent was ontained from parents prior to surgery. All 
blocks were performed following the induction of general 
anesthesia. owever, based on the preference of the 
anesthesiologist and the anticipated duration of surgery, 
the blocks were either placed prior to the onset of surgery 
or at its completion. Bupivacaine hydrochloride solution 
was used in all cases. The total dose of bupivacaine was 
limited to 3 mg/kg. Frequent aspiration prior to and 
during the injection of all local anesthetic solutions was 
used to reduce the risk of inadvertent intravascular and 
subarachnoid injections. Epinephrine was not routinely 
used and test dosing was not employed. For sacral and 
perineal procedures, a dose of 1 ml/yr of age was used. 
For lower abdominal procedures, a volume of 0.056 x wt in 
kilograms x 12 (segments) was selected. All caudal blocks 
performed for surgical procedures between 1 July 1982 and 
30 December 1935 were analyzed. The study cata were 
obtained from two sources: 1) Regional Anesthesia Data 
Sheets (RADS) that had been prospectively completed by 
the attending anesthesiologist or resident who performed 
the block, and (2) Anesthesia records of all patients who 
underwent surgery below the diaphragm were reviewed to 
identify children who received a caudal block, hut whose 
RADS were unavailable. The following data base was 
assembled for each patient: age, type of surgery 
performed, whether the block was placed prior to or after 
completion of surgery, the percentage of caudal blacks 
used in ambulatory surgery patients, and the incidence of 
perioperative block complications. The data hase also 
included results of a telephone survey of 130 randomly 
selected parents that was performed one to several months 
following surgery. Questions included their satisfaction 
with their child's anesthetic experience, the duration of 
their child's postoperative analgesia, and whether their 
child developed any latent complications which could be 
attributed to the anesthetic. 





RESULTS: A total of 1154 patients, ranging in age 
from one month to 18 years, received one or more caudal 
blocks during the period of the study. Twenty-four percent 
of the children were under one year of age and 43% were 


less than two. Sixty percent of the patients had their 
htocks placed prior to the start of surgery, 35° at its 
completion, and 5° had two blocks, one at the beginning 
and one at the end of surgery in order to provide a longer 
period of postoperative analgesia. Sixty-five percent of 
the blocks were performed on arnhulatory surgical 
patients. (Caudal hlocks were used mnst frequently in 
conjunction with genitourinary procedures (R1™%.) that 
included: orchidopexy, circumcision, hydrocelectomy, and 
hypospadias repair. Ten percent were utilized for inguinal 
hernia repair, 6% for lower extremity orthopedic surgery, 
and 3% for other operative procedures performed Selow 
the diaphragm. 


There was one case of inadvertent dural puncture in a 4 
year old child. This was rapidly detected during aspiration 
and hupivacaine was not injected. The needle was 
repositioned and the block was completed withnut 
difficulty. No intravascular injections, toxic drug 
reactions, hypotension or other perioperative 
complications were detected in any patient in this series. 


Telephone follow-up failed to reveal any latent 
anesthesia related complications. The parental survey 
revealed that 58% of the patients were comfortable for 
greater than 2 hours after surgery, with 37% af these 
comfortahle for more than 6 hours. Postoperative pain 
medication was not necessary in 33% of the patients. 
Ninety-three percent of the parents expressed satisfaction 


‘ with their child's anesthetic experience. 


DISCUSSION: Recent studirs have shown that children 
who had caudal blocks placed after the induction of 
general anesthesia had less postoperative aqitation and 
decreased narcotic a requirement during recovery than did 
matched controls who had only general anesthesia. We 
have shown that "kiddie caudals" can be safely employed to 
provide adjunct operative anesthesia and postoperative 
analgesia in infants and children and believe its practical 
advantanes outweigh the theoretical riss of combining 
two anesthetic techniques. In contrast to “cGown's study, 
no toxic reactions or complications were encountered in 
any of our 1154 caudal blocks. Several factors may have 
influenced our more favorable results: better patient 
selection, smaller dosages of local anesthetics, and our 
combining the caudal h'ocks with a light general 
anesthetic. The key to the safety of the procedure is 
knowledge of the anatomy in children and how it differs 
from adults, meticulous attention to detail in site selection 
and preparation, and careful aspiration to be certain that 
neither a vessel nor the subarachnoid space has been 
entered. 


REFERENCES 

l. McGown RG. Caudal analgesia in children: Five 
hundred cases for procedures below the diaphragm. 
Anaesthesia 37:806-818, 1982. 


° ; 
ABSTRACTS ANESTH ANALG S19 
1987;66:51-S19] 
TITLE: CAUDAL ANALGESIA IN PEDIATRIC OUTPATIENT :URGERY: A COMPARISON OF THREF. 
DIFFERENT BUPIVACAINE CONCENTRATIONS l 
AUTHORS: L.M. Broadman, M.D., R.S. Hannallah, M.D., W.C. Nor e, M.D., J.E. Kapsten, M.D., G.I. Mundy, B.S., 
A.B. Belman, M.D., K.D. Anderson, M.D., and P.C. Guzzetta, M.D. l 
AFFILIATION: Departments of Anesthesiology, Urology, Surgery, anc Child Health and Development, Children's 


` Hospital National Medical Center, and George Washin on University, Washington, D.C. 20010 


— ee, 


that regional blocks perforrned with 0.25% hupivacaine 
hydrochloride provide effective postoperative pain relief 
80-86% of the time following either circumcision or 
orchidopexy in children. The current study examines 
whether caudal blocks performed with more concentrated 
bupivacaine solutions, i.e., 0.30% and 0.375%, would result 
in a greater rate of block success and produce more 
effective postoperative analgesia without delaying 
discharge from the hospital. 


METHODS: This prospective study was approved by the 
Institutional Review Board, and informed consent was 
obtained in every case. Fifty-three ASA I or II children, 
ages 4-11 years, undergoing ambulatory circumcision, 
orchidopexy, hydrocelotomy and inguinal hernia repair 
were randomly assigned to one of three groups. Following 
induction with either intravenous thiamylal or with N20, 
O> and halothane, but prior to the start of surgery, 
children in groups 1,2 and 3 received a caudal black using 
bupivacaine hydrochloride in concentrations of 0.25%, 
0.30%, or 0.375% respectively. Epinephrine: 1:200,000 was- 
added to all solutions. The caudel blocks were used to 
provide adjunct intraoperative anesthesia and 
pastoperative analgesia. The dose of bupivacaine was 
calculated to provide 12-segment analgesia by using a 
valume of 0.056 mg/kg X (12) segments as described by 
Takasaki~ and was administered in a randomized, double 
blind fashion. Anesthesia was maintained throughout 
surgery with 70% N20, O% and halothane delivered by 
mask. Since al! caudal blocks were placed after the 
induction of general anesthesia, the following criterion was 
used to evaluate block function, i.e., if the inspired 
halothane concentration could be reduced to 0.5% or less 
20 to 30 minutes after the onset of surgery, the caudal 
block was assumed to be functional. If it could not be 
reduced, the block was repeated by an attending 
anesthesiologist at the end of surgery with 0.25% 
bupivacaine containing epinephrine 1:200,Q00. In the 
recovery room and short stay unit, a trained observer 
evaluated the intensity of the patient's postoperative pain 
and discomfort at predetermined intervals until they met 
all standard criteria for discharge from the hospital. Pain 
and/or discomfort were equated with posturing, agitation, 
crying, blood pressure elevation, and verbalization ona 
scale of 0-2 for each of the five categories. In addition, 
children who were 7 to 11 years of age performed a self- 
assessment of their level of pain and discomfort using a 0- 
10 linear analogue pain scale. Fentanyl 1 ug/kg IV was: 
given to all children scoring 6 or more points on either 
scale. The time required to meet cischarge criteria was 
noted, and differences among the three groups were 
compared using analysis of variance techniques. 


RESULTS: A total of 53 blocks were performed. 
Forty-eight patients had satisfactory adjunct operative 
anesthesia and postoperative analgesia, regardless of the 
bupivacaine concentration used. Five blocks (9.5%) failed 
to meet the criterion for satisfactory intraoperative 
analgesia. The block failures were equally dispersed 
among the three bupivacaine concentrations, (two each in 
the 0.25% and 0.30% groups, and one in the 0.375% 


group . The blocks were repeated in these five children at 
the ecmnletion of surgery, and they were eliminated from 
the : Bcharge time analysis. None of the children required 
sup ementa! postoperative analgesia. Discharge times 
were 181 + 20, 185 + 22 and 226 + 29 minutes for chilcren 
who Tsceived 0.25%, N.30% and 1.375% hupivacaine, 
respastively (Table). These differences were not 

stat ically significant (p > 0.3). 


DISCHARGE TIME* 





3upivacaine Mean Standard 

= oncentration Time in Error of 

(n) Minutes the Mean 
0.25% (17) 181 + 20 
0.30% (14) 185 + 22 
0.375% (17) 226 + 29 





n= significant p> .32 
*īwe repeated caudal blocks excluded from analysis 


©) SCUSSION: All of the children had effective 
post erative analgesia. Bupivacaine solutions of 9.30™- 
and 375% concentration did not appear to offer any 
adv:r tage when performing caudal blocs in these 
patents. Five of the caudal blocks (9.5%) failed to provide 
ade- ate adjunct operative anesthesia. Since these 
fail- zes were corrected when an attending anesthesiologist 
repeeted the caudal injections at the completion of 
surc=ry, they were most likely due to either poor technique 
or iasdequate volume. However, one cannot rule out the 
possizility that these five blocks may have provided 
effective postoperative analgesia without the need for 
repceting them with 0.25% bupivacaine at the completion 
of ergery. In summary, it is concluded that caudal blocks 
per-crmed with 0.25% bupivacaine containing epinephrine 
1:2C0,900 produce effective postoperative analgesia in 
chiEfen undergoing either inguinal or penile procedures. 
The-2 does not appear to be any advantage to using more 
con=entrated solutions such as 0.30% and 0.375% 
bup acaine. 
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INTRODUCTION: In 1973, Katz! asked all physicians 
who listed anesthesiology as their specialty, "If you were a 
surgical patient, which anesthetic technique and agent 
would you prefer for yourself?" More than two-thirds 
(68%) of those responding expressed a preference for 
regional anesthesia. Katz was concerned, however, that 
regional anesthesia might become a lost art because proper 
training in this technique seemed lacking in many 
residency training programs at that time. 


We conducted this study to determine if a regional 
anesthetic was still preferred by a majority of 
anesthesiologists, and whether certain demographic 
variables influenced their choice. 


METHOD: Four hundred forty-six anesthesiologists 
were chosen at randorn from the directories for the 
American Society of Anesthesiologists (ASA, n = 302) and 
the American Society of Regional Anesthesia (ASRA, n = 
144). Each was sent a questionnaire describing two 
scenarios. In Scenario "A," the anesthesiologist sustains an 
open fracture of the tibia immediately after eating lunch, 
with an Open Reduction, Internal Fixation (ORIF) 
scheduled in 2-4 hours. Scenario "B" occurs 6 months 
later, when the anesthesiologist is to undergo elective 
surgery for removal of the tibial plate. In each scenario, 
the anesthesiologist has no other medical problems (ASA 
Classification | or IE). An anesthesiologist capable of 
performing all types of lower extremity regional 
anesthetics is available to perform a regional block or to 
administer a general anesthetic. Within each scenario, the 
following questions were asked: 





l. I would: 


strongly prefer a general anesthetic 
prefer a general anesthetic 

have no preference 

prefer a regional anesthetic 
strongly prefer a regional anesthetic 


vapor 


2; If a regional anesthetic is preferred, what type of 
block do you desire? 


a. subarachnoid 

b. epidural 

c. caudal 

d. sciatic and femoral-inguinal-paravascular (3-in-1) 

Demographic data requested included: age, the year in 

which residency training in anesthesia was completed, 
membership in ASRA, and the percentage of their practice 
involving regional anesthesia. The geographical location of 
each response was obtained by examining the zip code of 


the returned postmark. All replies were confidential and 
anonymous. 


RESULTS: Two hundred fourteen replies were received 
from 446 questionnaires {48%). As shown in the table, the 
anesthesiologists in both scenarios strongly preferred a 
regional anesthetic. Preference for a regional anesthetic 
was greater in Scenario "A" (emergency surgery) than in 


Scenario "B" (elective surgery). All differences were 
significant at the p< 0.001 level. 


EMERGENCY ELECTIVE 
Preferred “A” “B” 
Technique n (%) n (%) 
a a ee a 
REGIONAL 196 (91.6)*t 158 (73.9)*e 
GENERAL 11 (5.1)T 39 (18.2)° 


NO PREFERENCE 7 (3.3) 17 (7.9) 





*p< 0.001 (Scenario “A” vs. “B") tp < 0.001 (Regional vs. General) 
Regional Scenario "A" 


*p < 0.001 (Regional vs. General) 
Scenario "B" 


Sixty-five percent of the anesthesiologists who desired 
a regional technique for their emergency surgery elected 
to have a spinal anesthetic and 30% an epidural. The 3-in- 
1 block was only requested hy 4% of those polled for 
Scenario "A" and 7% for Scenario "B". Only 1% desired a 
caudal block in both settings. Spinal anesthesia was less 
popular in the elective setting (56%) than in the emergency 
situation. Many of the 36% who desired an epidural black 
for their elective repair, Scenario "B", indicated by write- 
in that they chose this modality, so they cauld have 
epidural narcotics for postoperative pain relief. 


No differences were seen when anesthetic preferences 
were associated with membership in ASRA, the number of 
years in practice ‘greater than or less than 15 years), 
geographical! location, or the frequency with which the 
respondents performed regional blocks in their own 
practice settings. 


Anesthesiologists less than 40 years of age strongly 
preferred a regional technique for emergency surgery, 
more frequently than did older anesthesiologists, (p< 0.02). 


DISCUSSION: In Katz's 1973 study, the 
anesthesiologists' overall preference rate for regional! 
anesthesia was 68%, compares to a 74% rate for non- 
emergency surgery in our study. While these differences 
were not statistically significant, our study indicates that 
anesthesiologists still would prefer regional anesthesia for 
their own extremity surgery. Emergency surgery increases 
the likelihood that a regional anesthetic will be chosen. 
Anesthesiologists less than 40 years of age preferred a 
regional anesthetic for emergency surgery more strongly 
than did older anesthesiologists. This may imply that the 
inherent safety, convenience, and postoperative analgesia 
associated with regional techniques are being appropriately 
stressed in today's residency training programs. 


REFERENCES 
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Introduction: Neurolytic celiac plexus block (NCPB) 
has been established as useful in alleviating pain 
due to intra-abdominal malignancy. Investigators 
have documented NCPB provides significant abdominal] 
pain relief from pancreatic carcinoma in 70% to 94% 
of patients, but results in neurologic complica- 
tions in from 1% to 12% of patients. »2 Asa 
result, investigators have suggested NCPB shgu}d be 
performed with radiographic needle guidance.~> 

It has also been suggested that the efficacy of 
NCPB is decreased when pancreatic metastases are 
present. To determine whether the quality and 
length of pain relief or complication rate varied 
with use of radiographic assisted needle placement 
or presence of metastases, we analyzed NCPBs per- 
formed on 136 patients with pancreatic cancer. 


Methods: After approval of the Institutional 
Review Committee, we reviewed the medical records 
of all patients with pancreatic cancer receiving 
alcohol NCPB, from the years 1978 to 1985. The 
variables recorded included: quality and length of 
pain relief, complications, method of radiographic 
needle guidance, and presence of metastases. Qual- 
ity of block was graded poor or good according to 
review of patients’ post-block pain relief, anal- 
gesic requirements, and primary physicians’ rec- 
ords. Length of pain relief following the first 
NCPB was recorded in total weeks and as a percen- 
tage of a patient’s survival. Complications were 
assessed from both hospital and primary physicians’ 
records. 


Results: Records were available on 136 pancreatic 
cancer patients who underwent NCPB with 50 ml of 
50% alcohol via bilateral needles. First block 
pain relief was judged good in 116 patients (85%) 
and poor in 20 (15%). Repeat NCPBs were performed 
in 18 (13%) of the cases. Pancreatic metastases 
did not affect quality of pain relief. (Table 1) 
Use of radiographic guidance did not improve the 
quality of pain relief. (Table 2) When good first 
block pain relief was achieved, it lasted through 
the patient’s remaining life in 75% of cases, and 
for more than 50% of survival time in another 12.5% 
of cases. Patients lived from one to 364 weeks 
(mean=26.6 + 6.2 wks SEM; median=12 wks) following 
the blocks. There were no neurologic complica- 
tions. A pneumothorax occurred in two patients 
(1.3% incidence); one with (plain film) and one 
without radiographic needle guidance. No medico- 
legal claim resulted from these NCPBs. 


Discssion: No neurologic complications occurred 
durig 154 NCPBs in 136 patients, suggesting that 
routine use of radiographic needle guidance at our 
instizution may be unwarranted. These data also 
docerent that radiographic needle guidance did not 
impr=ve the quality of NCPB pain relief, or de- 
crec= the incidence of pneumothorax. Presence of 
panc-zatic metastases did not adversely affect the 
quakety of pain relief with NCPB. In spite of 
this, individuals performing this technique infre- 
quertly or desiring medicolegal documentation of 
neecke placement may find radiographic confirma- 
tior useful. 


TABE 1: QUALITY OF BLOCK AND PRESENCE OF METASTASES 





Blog quality No mets +mets 7 
Poo. 15 5 
Gooc 87 28 
Totz 102 33 


(Fizker’s Exact p=0.57) 


TABI[ 2: QUALITY OF BLOCK ACCORDING TO USE OF 
RAD : GRAPHIC GUIDANCE 


Radiographic guidance 
Blo: ': quality None (N) Plain film (P) CT scan (C) . 
3 


Poo 4 12 
Goo: 54 53 8 
Tot 58 65 ll 


(Fi er's Exact for multiple comparisons p=0.05, 
0.7- 0.37 for N:P, N:C, P:C, respectively) 
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INTRODUCTION: Patient-controlled analgesia (PCA) 
has been used for some time in adult patients to treat a 
variety of painful conditions, including postoperative 
pain. °?“ Excallent results have been obtained when PCA 
has been compared to more traditional methods of 
administering narcotic analgesics in adults.“ To our 
knowledge PCA has not been previously used to control 
postoperative pain in children, in whom IM nareatic 
injection, either timed or p.r.n., remains the most 
commonly used method of providing analgesia. This is a 
preliminary report of our experience with the use of PCA 
in a group of adolescent patients, the youngest of whom 
was 1] years old. 


METHODS: This prospective study was approved by the 
Institutional Review Board, and informed consent was 
obtained in every case. Ten patients, aged 11-19 years, 
used PCA to manage their postoperative pain after the 
following surgical procedures: thoracotomy, colostomy, 
colostomy closure, Harrington rod placement, rectal pull- 
through, pleural stripping and vein stripping. All patients 
had either received p.r.n. narcotics for pain relief 
following a prior surgical procedure or had been receiving 
IM narcotics p.r.n. during their current hospitalization 
prior to being switched to PCA. The primary nurse, 
parents, and patients all were taught how to use the PCA 
instrument (Abbott Lifecare), which allows patients to 
control their pain by simply pushing a bedside switch which 
engages a pump that administers a small pre-determined 
dose of intravenous narcotic. The parents were 
admonished that they were never to depress the PCA 
button; this was to be done anly by the child. The goals of 
optimal pain management were discussed during the 
training session. These were: to provide adequate pain 
relief, to minimize side effects such as respiratory 
depression and drowsiness, to promote maximum activity, 
and to allow the patient to be in charge of his or her own 
pain management. Patients who had moderate or severe 
pain at the time PCA was initiated were given a loading 
dose of morphine sulfate until they reported that they 
were pain-free. Data collection was negun after the 
administration of these loading doses. PCA maintenance 
doses of morphine sulfate were initially set at 0.02 mg/kg, 
with a lockout interval of 15 minutes. (The lockout 
interval is a period during which further depression of the 
PCA button failsto activate the pump.) Maintenance 
doses and lockout intervals were adjusted during the’study 
in order to o‘tain maximum analgesia with minimum side- 
effects (drowsiness). 


At the completion of treatment, each patient was 
asked which mode of postoperative pain control they 
preferred, p.r.n. or PCA narcotic administration. In 
addition, the patient's primary nurse was asked to evaluate 
the patient's level of alertness and discomfort prior to and 
during PCA and to offer additional observations concerning 
PCA as compared with traditional methods of narcotic 
administration. 


RESULTS: There were no complications associated 
with PCA. Nine patients were able to use PCA 
effectively. The remaining patient displayed some anxiety 


concerning self-administration of narcotics and PCA was 
discontinued (Table). The fnur patients who had received 
conventional p.r.n. therapy for previous surgery all 
reported that PCA was more satisfactory. The five 
patients referred for PCA treatment because of the failure 
of conventinnal therapy to control their pain during their 
current hospitalization also reported that PTA was 
superior to p.r.n. therapy. Four of the ten patients utilized 
PCA for 6-19 days to provide analgesia prior to painful 
procedures such as wound debridement, dressing changers, 
and chest physical therapy. 


Nurses reported that the patients were more alert and 
had less pain following PCA than with conventional 
therapy. They unanimously preferred PCA to the p.r.n. 
method of narcotic administration and noted that PCA 
required less nursing time. PTA was also enthusiastically 
accepted by parents. 


PCA MORPHINE FOR POSTOPERATIVE PAIN 
CONTROL IN ADOLESCENTS 


Patient's Dosage (mg) PCA Dosage 
Age Procedure Administration (1) (mg/kg/24 hrs) 
12 Harrington Rod 1.0 0.59 

Placement 

13 Thoracotomy 1.2 i 0.55 
18 Rectal Pull-Through 1.5 0.34 (2) 
19 Thoracotomy 1.5 0.60 
12 Colostomy 1.0 0.60 
19 Vein Stripping 1.5 0.29 
18 Colostomy 1.2 0.70 
15 Colostomy Closure 1.5 0.45. 
15 Pectus Repalr 1.2 0.56 
11 Splenectomy 0.8 0.45 


{1} Lockout interval for each (2) PCA discontinued because of inability to 
patient - 15 minutes. understand instructions. 


DISCUSSION: This series demonstrates that 
adolescents as ynung as 11 years of ane can safely and 
efficaciously use PCA. All patients in this series obtained 
excellent analgesia with very minimal sedation. No 
adverse side effects or complications were detected. PCA 
is suitable for the management of postoperative pain in 
adolescents who undergo surgical procedures that require 
extensive ar extended narcotic analgesia. (Controlled 
studies are currently underway to compare the efficacy 
and safety of PCA with traditional methnds of pain control 
in younger children. 
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Introduction. The adrenergic response to laryn- 
goscopy and intubation is accompanied by hypertension, 
tachycardia, and an increase in plasma catecholamine 
concentrations, while aging is associated with profound 
cardiovascular changes such as diminished baroreceptor 
function and reduced 8-adrenergic sensitivity. The pur- 
pose of the present study, therefore, was to deterinine the 
effect of aging on the hemodynarnic and sympathetic 
response to the "stress" of endotracheal intubation in 
young and elderly patients and evaluate the mechanism 
for any changes found. 

Methods. Twenty-seven patients, (18-80 yrs; ASA 


Class I) received diazepam 10 mg PO and atropine 0.4 'mg 


IM 60 min prior to anesthesia for inpatient elective 
surgery. Following awake baseline recordings of systolic 
blood pressure (SBP), diastolic blood pressure (DBP) and 
heart rate (HR), anesthesia was induced with thiopental, 
4.0 mg/kg, and succinylcholine, 100 mg. SBP, DBP and 
HR were recorded at induction after thiopental but before 
succiny!choline (O time), and 1, 2, 3, 4 and 5 min post- 
induction. Laryngoscopy and endotracheal intubation was 
performed 60 sec after induction. Venous blood sarnples 
were drawn with the patient awake and 2, 3 and 4 mins 


post-induction for measurement of plasma norepinephrine’ 


concentrations (NE) by a radioenzymatic assay. Samples 
were also taken with the patient awake for the measure- 
ment of B-receptors on lymphocytes using a radioligand 
binding technique to determine receptor density and re- 
ceptor affinity for agonists. Informed consent and 
institutional approval were obtained. Statistical analysis 
was by non-paired t-test or linear regression as appro- 
priate, p<0.05 being taken as significant. 

Results. The elderly had a lower heart rate res- 
ponse at 2, 3, 4 and 5 mins post induction so that the 
maximum increase in heart rate post induction from 
awake values was negatively correlated with age (r=- 
0.66p<0.001), Fig 1. 


Fig l: AGE AND MAXIMUM CHANGE'IN HR 






: `  p<0,001 
r= -0.66 
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Baseline SBP and mean BP increased significantly 
with age (r=0.81, p<0.00! and r=0.76, p<0.001 respec- 
tively). Age however was not significantly related to the 
increase in SBP or mean BP that occurred following 
intubation. 


Vande-dilt University Medical School, Nashville, TN 37232 


NE vels at baseline in awake patients increased with 
age T= =0.51, p<0.01), Following intubation. mean plasma 
NE Zoncentrations were significantly higher in elderly 
patsnts than young patients, despite the diminished 
hea; rate response (Fig. 2). 


Fig 2: THE EFFECT OF AGE ON NE LEVELS 
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, Thus, in spite of a higher catecholamine respcnse 
to Etubation, the elderly had a lower increase in heart 
rate.: HR per pg/ml of NE was therefore significantly 
lese 2, 3 and 4 mins post induction in elderly patients 
whe compared to young patients (Table). 


TABLE: HR per pg/ml NE 


| Young Middle Aged Older 

| 18-34 yr. 35-50 yr. 51-80 yr. 
HR WE 2min. 0.5449.10 0.4440.03 0.29+0.04* 
HR HE 3min. 0.4640.12 0.3940.04  0.23+0.03* 
HR EHE 4 min. 0.5140.09 0.5340.13  0.2240.03* 


*p<205 Mean + SEM 

To determine if this alteration in cardiac 
sen itivity to catecholamines was reflected by changes 
in. t=ta receptor function on lymphocytes, beta receptor 
den-ty and the proportion of receptor binding agonist 
wit- high affinity (%RH) - an important determinan: of 
B-r. ceptor sensitivity - were measured. No significant 
cor'lation bétween 8-receptor affinity for agonist, 
%*R-; or receptor ceny was found with age, HR,AHR, 
or —R/NE. 

piseuseian: Our results indicate that the 

eldæly have a significantly lower chronotropic response 
to :wtubation than do the young. As plasma céte- 
cho=mines were higher in the elderly while the blood 
preæure rise was not different, this loss of response is 
not aue to either diminished sympathetic responses or 
alte=d baroreceptor function. The lack of correlation 
bet~2en direct measures of beta receptor function and 
the ieart rate response to norepinephrine appears to 
imp: = a post receptor defect as the mechanism for 
thes changes. 
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Introduction. The role of epinephrine in reducing 
placental transfer of local anesthetics is contro- 
versial, as evaluated by their fetal/maternal ratios 
(1,2). Umbilical vein/maternal vein plasma concen- 
tration ratios do not indicate the total amount of 
drug transferred to the fetus, are of limited value 
in the study of placental transfer and may account 
for this controversy. Total amount of bupivacaine in 
gastric fluid of neonates at birth, a proposed new 
index of placental transfer(3),could reflect the ex- 
tent of fetal tissue accumulation of the drug. Here 
it is used in the study of the influence of epine- 
phrine on the placental transfer of bupivacaine fo- 
llowing lumbar epidural administration. 


Methods. The Clinical Research Committee approved 
the protocol. Twenty term parturients undergoing epi 
dural anesthesia for labor and delivery and their 
neonates were studied, under consent. Epidural punc- 
ture was performed in the usual manner. Ten patients 
received 75 mg of 0.5% bupivacaine with epinephrine 
1:200.000, and ten patients received the same amount 
of anesthetic without epinephrine. A section of umbi 
lical cord was doubly clamped prior to placental se- 
paration, and heparinized umbilical venous blood sam 
ples were collected. Maternal venous blood samples 
were also collected at the same time. Gastric fluid 
was suctioned via an orogastric catheter during the 
first five minutes of life, in an attempt to empty 
the stomach, the total volume collected being recor- 
ded. Maternal and neonatal blood samples and neona- 
tal gastric fluid samples were assayed for bupiva- 
caine concentrations by a gas-liquid chromatographic 
` technique (linearity 0.02 to 5.00 pg/ml, sensitivity 
0.02 ug/ml, coefficient of variation within day 
0.9%). Neonates were evaluated by Apgar scores at 1 
and 5 min. Data were analysed for statistical signi- 
ficance using Students t-test. A P value of less 
than 0.05 was considered statistically significant. 


Results. The patient groups were similar in age, 
weigth and heigth. Induction to delivery time was al 
so similar in both groups (Table I).All neonates had 
Apgar scores of 7 or more at 5 min. and there was no 
significant difference between the incidence of low 
1-min. Apgar scores in both groups (Table I). Plas- 
ma and gastric fluid levels of bupivacaine are pre- 
sented in Table II. The fetal-to-maternal ratios of 
plasma concentrations cf bupivacaine were similar. 
Total amount of bupivacaine in gastric fluid was 
significantly reduced when using bupivacaine with 
epinephrine (P <0.05). 


Discussion. The addition of epinephrine 1:200.000 to 
bupivacaine solutions does not reduce the UV/MV ra- 
tio,although it reduces the amount of drug reaching 
the gastric fluid. The proposed new index could be 
advantageous in the study of quantitative distribu- 


tion of bupivacaine in humans, when compared to other 


methods used so far (4). It is possible that the 
gastric fluid content of bupivacaine could reflect 
the actual accumulation of anesthetic in other vital 
organs of the neonate. 
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Table I — Patient and Clinical Data 





Bupivacaine Bupivacaine 
with epinephrine plain 
(N = 10) (N = 10) 
Maternal age (yr) 27.60 + 5.38 23.10 + 11.26 
Maternal weigth (kg) 68.30 + 7.45 65,55 + 7.37 
Maternal heigth (m) 1.64 + 0.03 1.61 + 0.07 
ID time (min) 50.40 + 22.01 74.10 + 37.77 
Apgar scores 
27 1 min. 902% 802% 
27 5 min. 1002 1002 


Values are mean + SD. No significant differences. 


Table II - Bupivacaine in plasma and gastric fluid 


Bupivacaine Bupivacaine 

with epinephrine plain 

(N = 10) (N = 10) 

Maternal vein (ng/ml) 463 + 149 514 + 236 

Umbilical vein (ng/ml) 164 + 160 178 + 102 
UV/MV ratio 0.33 + 0.20 0.38 + 0.18 

Gastric fluid 

concentration (ng/ml) 316 + 243 482 + 256 
Vol.of gastric fluid (ml) 9.20 + 5.58 9.65 + 6.86 
+ 2218 


Total amount (o£ bupivacaine *2156 + 1513 4111 





Values are mean + SD x P0.05 





ABSTRACTS ANESTH ANALG S25 
1987;66:S1-S191 
Title: EFFECT OF VERAPAMIJ, ON LIDOCAINE PHARMACOKINETLC= AND DYNAMICS EN CONSCIOUS DOGS 
Authors: J.E. Chelly, M.D., Ph.D., D.C. Hill, M.D., R.G., rin, M.D., A. Dlewati, M.D., 
D.R. Abernethy, M.D., Ph.D. 
Affiliation: Departments of Anesthesiology and Medicine, Bayl=r College of Medicine, and 


Department of Anesthesiology, University of Texa= Medical School, Houston, Texas 77030 


Introduction. Lidocaine <L) is frequently used 
for regional anesthesia and intraoperative treatment 
of ventricular cardiac arrhythmias. Because cf the 
increasing number of patients receiving verapamil (V) 
therapy, there is interest in assessing the pharma- 
cologic interactions between V and L. Rosenblatt et 
al. reported that V increases the toxicity of L. ! 
Howie et al. demonstrated that nifedipine enhanced 
the cardiovascular toxicity of bupivacaine. 2 Although 
verapamil causes more cardiac depression than nifedi- 
pine, the hemodynamic consequences of lidocaine ad- 
ministration in the presence of verapamil are un- 
known. Pharmacokinetic interactions might also be 
expected since both L and V are highly bound to 
plasma proteins, are high clearance drugs, and V has 
been reported to decrease hepatic blood flow.? This 
study was designed to assess the effect of V on IL 
hemodynamics and pharmacokinetics. 


Methods. Nine 19+3 kg dogs were chronically in- 
strumented for measurement of mean aortic pressure 
(MAP), Left ventricular (LV) dP/dt, cardiac output 
(CO), and coronary (Cor), carotid (Car) and renal 
(Ren) blood flows (BF). In the conscious state, 
each dog received L (1 mg/kg/min, LV for 3 min) 
alone and tn the presence of steady-state V infusion 
(3 ug/kg/min) on 2 different occasions, randomly 
assigned and separated by at least 2 days. Hemo- 
dynamic function was continuously recorded before 
and after injecting L. In addition, aortic blood 
samples for V and L determinations were collected 20 
min, 10 min and immediately before L and immediately 
after and 5, 10, 15, 30, and 45 min and 1, 1.5, 2, 
3, 4, 5, and 6 hours after L. Concentrations of L 
and V were analyzed by gas-liquid chromatography 
using nitrogen-phosphorous detection. L plasma 
concentrations were fitted to equations formed by 
a linear sum of 2 exponential terms.4 Data were 
analyzed using ANOVA and when significant, paired 
t-tests were applied. Alpha was set up at the 
level of 0.05. Data are presented as mean + SEM. 


Results. 

Pharmacokinetic: As indicated in Table I, V did 
not affect the pharmacokinetics of L. 

Hemodynamic: L alone induced only a 15% increase 
in heart rate (HR) from 84+3 bts/min and a 19% de- 
crease in LVdP/dt from 3198+199 mmHg/sec. 

When injected in the presence of steady-state. 
V, L elicited an increase of 28% in CO from 2.5+0.2 
L/min, 40% in HR from 84+3 bts/min, and a decrease 
of 28% in LVdP/dt and 29% in systemic vascular resis- 
tance (SVR = MAP/CO). Steady-state infusion of V 
by itself induced a decrease of 15% in SVR from 
48+5 units and 10% in LVdP/dt, and an increase of 
12% in CO and 19% in HR (Table II). 


Siscussion. Our data were obtained for Lidocaine 
plasms concentrations within the therapeutic range 
(6.9 => 5.7 ug/ml) and for verapamil plasma concen- 
trati within ranges of those expected to be found 
in paents preoperatively treated with verapamil 
and umlergoing surgery (60 ng/ml). They indicate 
that nere are minimal hemodynamic and pharmaco- 
kinet_= interactions between verapamil and lidocaine 
and taat the hemodynamic interactions are mainly 
additive. It has previously been suggested that 
cauti» should be exercised in giving bupivacaine 
to patients treated with verapamil because verapamil 
potentiates the cardiac toxicity of bupivacaine.’ 
Our daza suggest that lidocaine may be more suitable 
than əapivacaine when local anesthetics are required 
in pa_tents receiving verapamil preoperatively. 
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TABLE =<: Pharmacokinetics of L alone and in the 
presence of V 


L L+V 
Vy L 5.3 + 1.0 5.6 a 0.9 
Inter- əmpartmental 
Cle “ance L/hr 41 + 10 37 + 13 
Vdss L 14.3 + 0.5 15.7 + 4.5 
Total ‘:learance L/hr 11.9+0.1 12.9 + 1.8 
B-ty/ hr 0.96 + 0.04 1.38 + 0.33 


TABLE .I: Hemodynamic changes from control values 
following L, V and L+ V 


n L V L+ V 
MAP mmHg 9 1+4 -4 + 2 -7 +1 
co L/min 7 0.2+0.1 0.3 +0.1* 0.7 + 0.2t 
HR bts/min 9 13+ 3* 16 +3% 34 + 3t 
LVdP/cœ& mmHg/s 8 -610+ 50* -322 +133* -901 + 181ł 
CorBF ml/min 7 1+1 6 + 3 8 +4 
CarBF ml/min 6 -2+2 5 + 13 5 + 11 
RenBF ml/min 7 -3+3 9+ 6 9 + 6 
SVR units 7 -2+3 -7 + 1* -14 + 2t 


*p<0.@ vs control; tp<0.05 vs verapamil 
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Introduction. Neuromuscular sensitivity varies 
widely among normal subtects (l). Even an optimal 
priming dose which will properly prime the majority 
of subjects may underprime the resistant and over- 
prime the sensitive ones. The present study tested 
the hypothesis that sensitivity-adjusted priming 
will accelerate onset of neuromuscular block with 
improved efficiency and consistency. 


Methods. Six healthy adult cats underwent two 
non-invasive experiments each, Part I and Part II, 
6-22 days apart. Anesthesia was induced with 
halothane 1-2% in air and pentobarbital 10 mg/kg i.v. 
slowly and maintained on 0.2-0.5% halothane and N20 
50% in oxygen. Ventilation was controlled for 
normocarbia. ECG was monitored and esophageal 
temperature was maintained at 35-37°C. I.V. fluid 
was maintained at 30-40 ml/kg 0.9% NaCl during the 
6-8 hour experiment. The peroneal nerve was stimu- 
lated at 0.1 Hz with supramaximal 0.2 ms. rectangular 
electric pulses from a Grass S88 stimulator. 

Neurally evoked compound EMG of the tibialis anterior 
muscle was recorded. At the end of the experiment, 
the cat was allowed to recover to full consciousness. 

Part I experiment was sensitivity-adjusted. 

Each cat received incremental injections of vecuro- 
nium cumulatively for a dose-response curve. The 
ED95 was determined. One hour after complete 
recovery of twitch and train-of-four, 1/5 of twice 
the EDgs was given as priming dose, followed in 4 min. 
by 4/5 of twice the EDg5. Onset and time course of 
neuromuscular block was observed. One hour after 
complete recovery of twitch and train-of-four again, 
2ED95 dose of vecuronium was given as a single bolus. 
Effects of priming vs. non-priming on onset and time 
course of neuromuscular block were evaluated by 
paired t-tests, each caz serving as its own control. 
Part II experiment was not sensitivity-adjusted, but 
average-dosed. Instead of individual EDg5, the mean 
EDgs Of the cats was applied to every cat. The 
experiment was otherwise the same as Part I. Effects 
of the average-dosed priming vs. non-priming were 
likewise determined. In addition, sensitivity- 
adjusted regimen vs. average-dosed regimen was 
compared between the two parts for differences in 
scattering of onset and recovery values, and con- 
sistency and magnitude of effect of priming. Paired 
t-tests and Fisher test for consistency were applied, 
each cat serving as its own control where appropriate. 


Results. Table 1 lists the onset data under all 
4 experimental conditions. Table 2 compares the con- 
sistency of onset values among the 4 experimental 
conditions. Statistically significant findings are 
summed up as follows: (1) Sensitivity-adjusted 
priming gave the greatest acceleration of onset. 
(2) Sensitivity-adjusted priming was most consistent 
in effect. Exceptions did not occur. (3) Average- 
dosed priming was effective, but less so. 
Exceptions did occur. While sensitivity-adjusted 
regimen improves the magnitude and consistency of 
acceleration of onset, it did not alter the subse- 
quent time course of recovery. 


Discussion. Our results indicate that given 
the average mg/kg dose of vecuronium, cats var” 
markedly in neuromuscular responses in all onset and 
recovery parameters. Individualization of the para- 
lyzing dose alone by adjusting the dose to 
sensitivity reduces the scattering of results. 
Individualization of the priming dose likewise 
improves the consistency and average magnitude of 
priming effect. Several aspects of priming are 
matters of controversy in clinical anesthesia 12). 
It is implied that sensitivity-adjusted priming may 
also improve the results and reduce chances of over- 
priming and underpriming clinically under similar 
conditions. 


References. 
l. Katz RL. Neuromuscular effects of d-tubo- 
curarine, edrophonium and neostigmine in man. 
Anesthesiology 1967; 28:327. 
2. Miller RD. The priming principle. 


Anesthesiology 1985; 62:381. = 


Table 1. Onset of vecuronium-"nduced neuromuscular block (in seconds) 


from injection of paralyzing dose to occurrence of neuromuscular block >95% 


sensitivity-adjusted regimen average-dosed regumen acceleration ratios 

Cat a priming (['}  non-priming(1) priming(II"} non-priming(Tl}) (D9) (1/0) 
l 60 100 70 110 .60 -54 
110 160 120 180 69 -67 


S.D. 29 35 7? 70 0.1 c.18 
$.E.4. 12 14 31 29 9 04 t.06 
paired t tests 


K0. ri Obs ll a 


i p>0.5 } 
l 0.2>p>0.1 J 


Table 2. Consistency of speed of enset, vecuronium-induced neuromuscular 


block in cats, {For original data, see Table 3.) 


Sensitivity-adjusted regimen Average-dosed regimen 


priming(I') non-prtning(1) priming(II') non-priming(I1) 
S.0./mean 0.32 0.26 0.63 0.49 
min-max 60-110 90-180 70-260 60-250 
range 50 90 190 190 
range/mean 0.54 0.66 1.56 1,33 
variance 4084 6134 29484 24334 
F test* L p>0.25 1 L p>0.25 ; 


0.025 0.1 j 
1 0.005¢p<0.025 j 
l 0.025<p<0.1 1 
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Introduction. Visual evaked potentials (VEP) 
are used in monitoring the functions of the visual 
pathways during certain neurosurgical procedures. 
Preferably, the anesthetic agents which affect the 
VEP minimally should be utilized in order to 
interpret them effectively. Only a few studies 
are available dealing with the effects of 
anesthetic agents on the VEP.l»2 We decided to 
study the effects of nitrous oxide-fentanyl 
anesthesia on the VEP in unpremedicated patients. 


Methods. This study was approved by our 
Institutional Review Board. Nine consenting healthy 
female patients (age 20-38 years) undergoing 
gynecological procedures were studied. No pre- 
medication was given to the subjects. The evoked 
potentials were recorded from the occipital elect- 
rode (Oz) in reference to the vertical electrode 
(CZ) using one of the mastoid electrodes as a 
ground. Recordings were made on a Nicolet Path- 
finder I. Impedance was maintained at less than 
3000 ohm. The bandpass filter was set at 1-200 Hz 
and the sensitivity was set at 100 _»V full scale. 
Monocular flash stimuli was presented over the 
patient's closed left eye at a rate of 1.9 Hz with 
a duration of 10 msec. Each averaging epoch was 
set at 500 msec with a total of 100 repetitions. 


Control VEP were recorded before induction of 
anesthesia in unpremedicated patients. Then, 
anesthesia was induced with 0.05 mg/kg of d-tubo- 
curarine, 4 g/kg of fentanyl, and 3-4 mg/kg of 
thiopental followed by 1.5 mg/kg of succinylchlorine 
L.V. Patients were intubated and ventilation was 
controlled to maintain end-tidal P.CO9 within 35--40 
mmHg. Anesthesia was maintained with vecuronium, 
60% nitrous oxide-40% oxygen, and a bolus of 50-100 
jig of fentanyl every 20-30 min as needed according 
to changes in blood pressure and pulse rate. Body 
temperature was sustained between 35-36°C, while 
systolic blood pressure was maintained with fentanyl 
and an intravenous infusion of Ringer's lactated 
solution within + 25% of the preoperative level. 
Thirty minutes after induction, the second VEP was 
recorded. The latencies of N1 and P1 (P100) were 
measured. Amplitude was measured as the vertical 
distance between N1 and Pl. 


For data analysis, paired Student's t test 
was used. A p value below 0.05 was considered 
statistically significant. 


Results. The VEP were obtained in a 
reproducible manner in all the patients studied. 
The total dose of fentanyl given during the 30 min 
period from the induction of anesthesia to the 
recording of the VEP ranged from 5--6 pg/kg. No 
patient had recall or awareness of intraoperative 
events. The latencies of both N1 and Pl were 


significantly increased over the control (average 
+17.4- and 15.6% each). There was no significart 
change in amplitude. (Table 1). A typical wave 
form =s shown in Figure 1. 


LCiscussion. Our study suggests that the 
interpretation of the VEP would be easier when 
nitrous oxide-fentanyl anesthesia is used since 
there is only a slight increase in the latency with 
no significant change in the amplitude. To the 
contrary, isoflurane significantly changes both the 
latency and amplitude. 2 


Feferences. 


l. UË RR, Squires KC, Bruce DL, Starr A. Effects 
of halothane anesthesia on the human cortical visual 
evokeč response. Anesthesiology 1980; 53:273-276. 
2. Chz> OZ, Field C. Effects of isoflurane on 
visual evoked: potentials in humans. Anesthesiology 
1986; 55; 328-330. 


Table 1 


VISUA EVOKED POTENTIAL LATENCIES AND AMPLITUDES 


Latency (msec+SD) Amplitude (QuiV+SD) 


N1 P1 

Control 83.4+10.5 105.8+9.2 8.06+3.55 
(n=9) | 

Nitrous 

Oxide— 

Fentansl 97.9+9.5 122.347.3 7 .08+3.10 
(n=9) | 

| (417.4%) (15.67%) 
Signif lcance p40.0025 p0.0005 NS* 


*No stitistical significance 
Figure 1 


TYPICAL VEP WAVE FORM OBTAINED FROM ONE PATIENT 
THIRTY MINUTES FROM INDUCTION 
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Introduction. Anesthetic induction for the 
open-eye injury patient with a full stomach requires 
protection against both aspiration and sudden 
increases in intraocular pressure (IOP). Intubating 
doses of the nondepolarizing relaxants atracurium 
and vecuronium have no adverse effects on IOP, but 
laryngoscopy and intubation do result in dramatic 
increases in IOP (1). We undertook this study to 
determine whether low-dose sufentanil or fentanyl 
might attenuate or eliminate adverse IOP responses 
to intubation during rapid sequence induction with 
vecuronium or atracurium. 

Methods. This study was approved by the 
institution's Human Investigation Committee, and 
written informed consent was obtained from each 
patient. Forty adult surgical patients, ages 19-68 
and ASA class I or II, were randomly assigned into 
4 groups of 10 each. Baseline IOP measurements 
were obtained for each patient by pneumotonometry 
after application of topical anesthesia. In each 
patient, following 3 minutes of preoxygenation, 
rapid sequence induction was performed using 
thiopental 5 mg/kg followec immediately by a 
narcotic (either sufentanil 1 wg/kg or fentanyl 
5 ug/kg) and a muscle relaxant (either vecuronium 
0.2 mg/kg or atracurium 1 mg/kg). Cricoid pressure 
was applied, and IOP was measured 1 min later. 
Intubation was then performed, and controlled 
ventilation with 67% N0 in 0, was begun, with end- 
tidal CO, maintained between 35-40 mmHg for the 
remainder of the study period. Intraocular pressure 
measurements were performed and recorded immediately 
after intubation and every min for the next E min. 
Patients in Group 1 received the combination of 
sufentanil 1 wg/kg and vecuronium 0.2 mg/kg, and 
those in Group 2 received sufentanil 1 wg/kg and 
atracurium 1 mg/kg. Patients in Group 3 received 
fentanyl 5 ug/kg and vecuronium 0.2 mg/kg, while 
those in Group 4 received fentanyl 5 ug/kg and 
atracurium 1 mg/kg. Data were analyzed using paired 
t-tests and one-way analysis of variance. P<0.05 
was regarded as significant. 

Results. In all 4 groups, IOP decreased 
significantly 1 min after induction as compared to 
awake (baseline) IOP (Table). In no group did 
post-intubation IOP reach or exceed the awake value. 
In fact, in Groups 1 and 2, all IOP values after 
those immediately post-intubation were significantly 
less than the awake values. The highest post- 
intubation IOP occurred immediately after intubation 
in all four groups. No patient developed chest wall 
rigidity. Intubating conditions were very good to 
excellent (laryngoscopy performed easily with no 
patient movement prior to intubation, vocal cords 
relaxed) in all patients 60 sec after induction. 

Six of the 40 patients (2 in Group 1 and 4 in 

Group 4) coughed slightly after intubation without 
marked changes in IOP. Four patients (1 in Group 1, 
1 in Group 2, and 2 in Group 4) required ephedrine 
for decreased blood pressure, and all responded 
promptly. Three patients (2 in Group 2 and 1 in 
Group 3) required naloxone to antagonize narcotics 
and allow safe extubation at the end of their 
Surgical procedures. Twelve of the 20 patients 


receiving atracurium (4 in Group 2 and 8 in Group 4) 
developec a "flush" reaction, presumably due to 
histamine release. No intra- or post-operative 
respiratory problems occurred. 

Discussion. Recent studies (1,2) have shown 
the effectiveness of large doses of intermediate- 
duration nondepolarizers for rapid sequence 
induction. The results of our study support the 
conclusion that satisfactory intubating conditions 
are present 60 sec following the administration of 
either vecuronium 0.2 mg/kg or atracurium 1 mg/kg, 
with no adverse effects on IOP. Increases in IOP 
secondary to laryngoscopy and intubation (1) were 
prevented by the administration of low-dose 
narcotics, either sufentanil 1 wg/kg or fentanyl 
5 ug/kg following thiopental at the beginning of the 
rapid induction sequence. Similar doses of these 
narcotics have been demonstrated to blunt the 
cardiovascular responses to laryngoscopy and 
intubation (3,4), and thus it is not unexpected that 
relative IOP stability accompanied their use. The 
adverse effects of the induction method we employed 
do not appear to contraindicate this technique when 
protection from elevated IOP is a consideration in 
anesthetic management. 


Table. Intraocular Pressure (mmHg) 


Awake 1 Min Immediately Time After Intubation (Min) 


After After 
Induction [Intubation t 2 3 4 5 


Sufentanil 1 mg/kg + 
Yecuronium 0.2 mg/kg . 
(Group 1) 1922 1422 162] 1421* 13s1* 1222" 13:1 13:1* 


Sufentanil 1 mg/kg + 
Atracurium ] mg/kg i 
(Group 2) 22:1 1621° 2021 17:1* 16:1% 16219 1622 1621* 


Fentanyl 5 pg/kg + 
Yecuronium 0.2 mg/kg 
(Group 3) 18:1 lasi* 1621 16:2 1622 1622 1521 1321* 


Fentanyl 5 pg/kg + 
Atracurium 1 mg/kg 2 
(Group 4) 1721 12:1* 1721 I621 l421* l421*Ħ 13:1* 142! 


All values are mean ¢ SE 
*Significantly different from awake value (p<0.05) 
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Introduction. The aim of the present 
study was to investigate morphine via inha- 
lation and intravenous infusion in pain 
treatment after abdominal surgery. 

Methods. With institutional approval, 20 
patients (6 male, 14 female, ASA I-II) 
scheduled for abdominal surgery in nitrous- 
oxide/halothan/relaxant anaesthesia were 
included in the study after giving their 
informed consent. Postoperatively, all pa- 
tients received oxygen via mask and, when 
complaining of worst pain, were randomly 
given for constant analgesia either a con- 
tinuous-plus-on-demand infusion of morphine 
(1) into the nebulization reservoir in the 
oxygen supply (Group I) or intravenously 
(Group II); initial bolus 1.5 mg; basal 
infusion 1.5 mg; bolus on-demand 0.6 mg. At 
varying intervals (0,30 ,1h,2h,3h,4h,6h,9h, 
12h) blood pressure, heart and respiratory 
rate were recorded and blood samples were 
taken to determine arterial blood gases and, 
in 14 patients free morphine immunoreactivi- 
ty (FMI) by radioimmunoassay (Diagnostic 
Products Corporation, Los Angeles, cross 
reactivity to morphine-3-glucuronide 0.22%). 
For statistical analysis the t-test for 
unpaired data was employed. 

Results (mean ~- sem). Analgesia was 
attained within 34 + 9 (Group I) and 16 t3 
(Group II) minutes. For constant analgesia 

atients of Group I required a total of 21.2 
- 0.4 mg (range: 19.5 - 23.1 mg), of Group 
II 22.6 - 0.8 mg (20.1 - 28.5 mg) (n.s.). 
There was no significant difference in blood 
pressure, heart and respiratory rate ob- 
tained between the two groups. pCO2 remained 
normal in all patients. The incidence of 
side-effects is shown in Table 1. FMI of 
Groups I and II reached plateaus of around 4 
ng/ml and 20 ng/ml,respectively (see Fig.l). 

Discussion. From the above results it was 
concluded that nebulized morphine is as 
effective in treatment of pain after abdomi- 
nal surgery as intravenous morphine and that 
the lower incidence of side-effects and the 
easy application make morphine inhalation 
preferable to morphine intravenous infusion. 
The pharmacokinetic behavior of serum mor- 
phine demonstrates that in comparison with 
the 100% bioavailable intravenous morphine, 
only part of the inhaled morphine reaches 
the systemic circulation via mucuous mem- 
branes and lung. This suggests that a potent 
analgesic derivative might be transformed 
during the passage of absorption (2). 














TABIE 1 
SIDE-EFFECTS UNDER THE TREATMENT 
GrouE I II 
sedetion 6 (10) 10 (10) 
micttrition - 3 (10) 
nausea + emesis - 2 (10) 
FIG. 1 
FU 
(mgm) * p <0.05 
** p £0.01 
EC *** p <0.001 
eC 
°C 2a 






Group I 
ed {n = 7) 


c+ A- 
01 234 6 9 12 


Gcup |: Continous + on-demand inhatation of morphine 


Gap Il: Continous + on-demand intravenous infusion 
of morphine 
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Introduction. As the population ages and 
surgical and anaesthesiological techniques advance, 
more surgery is undertaken on older patients. Psy- 
chological problems, particularly preoperative 
anxiety and postoperative confusion contribute to 
morbidity and mortality, and the contribution of 
anaesthesia is difficult to ascertain, and review 
of the recovery of mental function postoperatively 
is inconclusive (1,2). Tests of mental function 
were not performed on the day of operation, or 
first postoperative day to compare mental recovery 
after general anaesthesia (GA) or spinal anaesthe- 
sia (SA) in elderly patients. The purpose of this 
study was to compare mental recovery in elderly 
patients from GA or SA and to examine the hypoth- 
esis that spinal anaesthesia (SA) was associated 
with less post-operative confusion than general 
anaesthesia (GA). 


Methods. The protocol was approved by the 
Human Ethics Committee, and informed consent was 
obtained. Forty-four patients, aged 60 and over, 
scheduled for transurethral resection of prostate 
or pelvic floor repair were randomised either to 
GA or SA. No premedication was given. GA was 
induced with sleeping dose of pentothal 2-5 mg/kg 
and fentanyl 1-2 ug/kg. Pre-curarization by 3 mg 
d-tubocurarine was followed by muscle relaxation 
with 1.5 mg/kg suxamethonium. ‘The trachea was 
intubated. Anaesthesia was maintained with nitrous 
oxide, oxygen, curare, fentanyl, and isoflurane. 
SA was done at L3-4, L4-5 interspace with 22 or 
26 gauge spinal needle. Tetracaine, 10-14 mg 
diluted in 10% dextrose solution, was given. 
Psychological assessment included pre-operative 
cognitive screening by Mini Mental State test, 
measurement of anxiety by visual analogue scale, 
and standarized geriatric mental status examina- 
tion. Mini Mental Status examination was 
administered pre-op, six hours after surgery, and 
on 1, 3, 5, days, and one month post-op. Anxiety 
was measured pre-op and 1 day post-op. Assessment 
included also history, medication, anaesthetic 
data, and laboratory investigation pre-op and 
post-op. 


Results. The mini mental state (cognitive 
function) showed that patients with SA scored 
better at all times compared with the GA group. 
Mean change in mental function score was statis- 
tically significant in the GA group as compared 
to the SA group at six hours (p<0.001) and third 
day (p<0. 1) (fig. 1) post-op. More antiemetic was 


required by GA than SA (p<0.005). There were no 
significant differences in pre and post-op. anxiety 
levels, blood work, or post-op. analgesic and 
hypnotic use. Of 44 competent fit patients, 3 
demonstrated postoperative confusion all in GA 
group (12.5%). None of the patients in the SA 
group showed signs of confusion. Two of the 3 
confused patients were on antidepressant hypnotic 
pre-op. 


Discussion, Mental recovery post-op. was 
better with SA as compared to GA, and significant 
mental impairment occurred at six hours and three 
days after GA. A higher percentage of patients who 
received GA were confused as compared to SA. 
Comparison of pre-op personality characteristics, 
anxiety levels, and medication - particularly 
antidepressants, taken by 2 of the 3 confused 
patients indicate approaches to pre-op prediction 
of vulnerability and choice of anaesthetic. 
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Fig. 1. 

Mean change in mental function score in 
patients having general anaesthesia (---) versus 
spinal anaesthesia (....) * p<.001 
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Introduction The effects of anesthetics on the cerebral 
circulation in newborn infants is extrapolated from data 
derived from adult human and animal studies. 
Information on neonatal cerebral blood flow 
autoregulation and cerebral metabolism has _ been 
obtained from experiments done in beagle puppies.“ We 
have used this model to determine the effects of 
halothane on regional cerebral blood flow (rCBF). 

Methods Pure-bred beagle pups 2 to 6 days of age and 
350 to 700 grams were studied. Anesthesia was induced 
with halothane, nitrous oxide and oxygen by mask. 
Tracheostomy was performed followed by neuromuscular 
paralysis with intraperitoneal vecuronium. Ventilation 
was controlled using a Harvard Rat Ventilator, to 
maintain PaCO> at 35-40 mmHg. Anesthesia was 
continued with 70% nitrous oxide and 30% oxygen. One 
femoral venous and two arterial lines were placed for 
fluid administration, blood pressure and blood gas 
monitoring, and microsphere withdrawal. A catheter was 
advanced from the carotid artery into the left ventricle 
for injection of 15 micron micraspheres (57 Co, 113 Sn, 
46 Sc) A sagittal sinus catheter was placed for 
measurement of cerebral venous O. content. Ail 
incisions were made and catheters placed after local 
infiltration with 0.5% bupivacaine. Blood loss was 
replaced with adult dog whole blood and mean arterial 
blood pressure maintained with infusions of methoxamine 
or epinephrine. Halothane was discontinued for one hour 
prior to beginning the study. Cerebral blood flow to the 
grey matter of the frontal cortex (FC) and parietal 
cortex (PC), cerebellum (Ce), thalamus (Th) and 
subcortical white matter (Wh) regions were obtained at 
baseline, and at 0.5% and 1.0% halothane. CMRO, was 
also determined at these levels. 

Results The results are expressed in Figure 1 as percent 
of control values, and analyzed by paired t-test. Data is 
presented for norm otensive animals only. 
Hemodynamically unstable pups were excluded from the 
study. There was a significant increase in rCBF to all 
areas except the PC at 1.0% halothane, and a significant 
decrease in CM RO». No significant changes were found 
at 0.5% halothane. 

Discussion Halothane in this model shows a dose 
dependent increase in CBF and a decrease in CMRO>. 


Thes= results are similar to those found in adult anim als? 
and umans and suggest that there are no age related 
diffezices in cerebral metabolic activity or 
hemccrnamics in response to halothane. However, the 
distr=t ution gf CBF during hypotepsion or asphyxia differ 
in rexborn™ and adut dogs. How inhalational 
anes#retics effect these responses in the newborn is 
currertly under investigation. 
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Fig. `. Effects of halothane on cerebral cortical O 
utili=tion (CMRO.) and regional CBF. Expressed as £ 
cont + SEM. * P<0.05, *# P<0.01 compared to control; 
t P< compared to 1.0% halothane. 
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Introduction. Previous studies have not 
correlated the cardiovascular changes seen following 
atracurium administration to changes in serum 
histamine levels.!? This study was undertaken to 
determine the individual cardiovascular responses of 
cardiac surgical patients to the administration of 
equipotent, intubating doses of atracurium and 
vecuronium and to correlate these responses to 
changes in serum histamine levels. 

Methods. Eighteen patients scheduled for 
elective coronary artery bypass surgery were studied 
after informed consent. All patients received 
lorazepam (1-2 mg PO), morphine (0.1 mg/kg IM) and 
scopolamine (0.3-0.4 mg IM] two hours prior to the 
induction of anesthesia. Anesthesia was induced 
with fentanyl! (150ug IV) and lorazepam (4 mg IV). 
Mask ventilation with 100% inspired oxygen was 
maintained throughout the period of study. Patients 
were randomly assigned to two groups in a double 
blind fashion. Group | patients received Atracurium 
0.5 mg/kg, whereas Group || patients received 
vecuronium 0.12 mg/kg. Two minutes following 
induction, control hemodynamic measurements and 
baseline serum histamine levels were obtained. The 
muscle relaxant was then administered as a bolus. 
Hemodynamic measurements and serum histamine 
levels were then repeated at 2, 5, and 10 minutes 
after drug administration. Hemodynamic measurements 
included heart rate (HR), systemic blood pressure 
(SBP), pulmonary artery pressure (PAP), central 
venous pressure (CVP), pulmonary capillary wedge 
pressure (PCWP), and cardiac output (CO). 

Systemic vascular resistance (SVR), pulmonary 
vascular resistance (PVR), and stroke volume were 
calculated from the above data. Serum histamine 
levels were determined by radioenzymatic analysis. 
Analysis of the data was with Student's t-test for 
paired and group data (Bonferroni correction) and 
linear regression. Significance was defined as p < 
0.05. 

Results. In Group | (Atracurium), the percent 
change in serum histamine levels from baseline was 
significant at each interval of measurement (p< 0.05). 
This was associated with a significant increase in 
cardiac output and decrease in systemic vascular 
resistance at each time point (p < 0.05). Systolic, 
diastolic and mean systemic arterial pressure were 
also significantly decreased 2 min following atracurium 
administration (p< 0.05). 

In Group II (Vecuronium), no significant 
changes were noted regarding serum histamine levels 
or hemodynamic variables. Table 1 and Figure 1 
show that the changes in serum histamine levels 
correlated significantly to changes in mean arterial 
pressure at both the two and five min intervals in 
those patients given atracurium, whereas no such 
correlations existed in the vecuronium group. 

Discussion. Recommended intubating, equipotent 
doses, which were 2.5 times the ED 5 for neuro- 
muscular blockade, were utilized. Ged within this 
clinical dose range, vecuronium was found to produce 
less histamine release and greater hemodynamic 
stability than atracurium. Additionally, the percent 
change in mean arterial pressure in response to 


atracurium correlated well with the percent change 
in serum histamine levels. Serum histamine levels 
did not correlate with changes in mean arterial pres- 
sure in response to vecuronium. 

From these findings, we conclude that, when 
utilizing the above clinical dose range, the cardio- 
vascular changes following the administration of 
atracurium are due to the release of histamine. Thus, 
in patients with cardiac disease in whom the cardio- 
vascular sequelae of histamine release are undesirable, 
the use of vecuronium may be preferred over that of 
atracurium. 
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Atracurium vs Vecuronium 
Correlations of % Change Histamine 
with % Change in MAP 
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Total 2 min. -0.42 0.04 18 
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10 min. -0.07 0.39 (ns) 18 

Atracurium 2 min. -0.57 0.04 10 
5 min. -0.86 <0.01 10 

10 min. -0.38 0.14 (ns) 10 

Vecuronium 2 min. -0.01 0.49 (ns) 8 
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10 min. -0.18 0.33 (ns) 8 
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Introduction. A peripheral layer of plasma is except -o1 that it reduced MAP and LVHCT to 78+9 mmHg 


created in blood vessels by the tendency of red blood 
cells for axial streaming (1). Under conditions of 
high flow rate, this cell-free zone of plasma may be 
directed preferentially into a branch vessel, a 
phenomenon termed plasma skimming (2). The sharp 
angles with which intramural coronary vessels branch 
from transmurally penetrating arteries favors plasma 
skimming in the superficial layers of the left 
ventricular free wall. Although previous” studies 
demonstrated transmurally uniform microvascular 
hematocrit in the left ventricular free wall under 
control conditions (3), we postulate that this may 
not be the case during hemodilution when plasma 
skimming would be favored by increased velocity of 
red blood cells and expanded peripheral layer of 
plasma. Accordingly, the present study was conducted 
in which transmural variation in microvascular 
hematocrit was evaluated in the left ventricular free 
wall of the canine heart under control conditions and 
during acute isovolemic hemodilution (HD). 
Measurements of regional microvascular blood volume, 
an index of open capillary density (3), regional 
myocardial blood flow, and global left ventricular 
oxygen consumption were also obtained. 

Methods. Nine large, mongrel dogs were anesthetized 
with sodium pentobarbital. After intubation and left 
thoracotomy, animals were mechanically ventilated 
with room air supplemented with oxygen. Mean 
arterial pressure (MAP), mean left atrial pressure 
(MLAP), and left ventricular pressure (LVP) were 
measured. LVP was differentiated to give dP/dt max 
and used to drive a cardiotachometer. 

Measurements of regional myocardial microvascular 
hematocrit (RMHCT ) and regional myocardial 
microvascular blood volume (RMBV) were obtained by 
indicator-dilution using 2l Cr-red blood cells and 
29Fe-plasma siderophilin (3). Large vessel hematocrit 
(LVHCT) was obtained by centrifugation. Radioactive 
microspheres (15 u) were injected into the left 
atrium to measure regional myocardial blood flow (3). 
A cannula was placed in coronary sinus to obtain 
samples of venous effluent from left ventricular 
myocardium. These samples along with samples of 
arterial blood were analyzed for oxygen content so 
that left coronary arteriovenous oxygen content 
difference could be calculated and multiplied by 
average left ventricular myocardial blood flow to 
yield myocardial oxygen consumption (MVOo ) 

HD was produced by removing blood froma carotid 
artery at a rate of 20 ml/min while replacing it with 
6 Z dextran (molecular weight 40,000) in saline at 
the same rate. The total volume exchanged was 45 
ml/kg body weight. Values were obtained after 
preparation was permitted to stabilize for 30 min 
following completion of fluid exchange. Statistical 
analyses were performed using standard tests. 

Results. Under control conditions, values 
(meant S.E.) for systemic hemodynamic and arterial 
blood gases were unremarkable (MAP, 102412 mmHg; 
MLAP, 1.64 0.6 mmHg; dP/dt max, 2180+ 270 mmHg/sec; 
heart rate, 16045 beats/min; P02, 120+ 26 mmHg; 
PCO, 364 2 mmHg; pH, 7.38+ 0.02; LVHCT, 45+ 3 4), 
HD had no effect on these parameters with the 





and ~ +4 4%, respectively. 

Values for RMHCT and RSBV are presented in Table 1. 
Undee control conditions (C) RMHCT was less than 
LVHCT and was transmurally uniform; RMBV showed 
transt_ral gradient favoring subendocardium. HD 
lowerec RMHCT in all transmural layers, although 
reduction was less than proportional to fall ia 
RMHCL.' Also, HD reduced slightly mean transmural 
RMBV, tut it had no effect on endo>epi gradient. 

MVOZ ' averaged 10,0 2.3 ml/min/100g under control 
condEions and was not altered by HD; increases in 
myoc@cial blood flow (83 +12 vs. 1&9 +33 
ml/mi7100g) were sufficient to offset reducticns in 
coror=ry arteriovenous oxygen content difference 
(17.4 +1.4 vs. 5,841.0 vol “%). No significant 
transeral gradient for regional myocardial blood 
flow -=s evident under either control conditicns or 
HD. 

Disc-ssion. Uniform microvascular hematocrit across 
left ventricular free wall during HD indicated no 
trans mwal plasma skimming. This finding is 
consiz-ent with the well-maintained global myocardial 
oxygeestion and function which were demonstrated. 
Reduc=t hematocrit in coronary microvessels has been 
demon= rated previously (3), and likely reflects the 
Fahramis effect (1). The relative preservation of 
microrascular hematocrit observed in heart during HD 
is nev finding which warrants further investigation. 
The Microvascular blood volume data suggest 
transam-al gradient of myocardial open capillary 
densi.7, favoring subendocardium. This finding is in 
agreezent with previous reports (3), and is in 
keepisz with higher Oo requirement, but similar 
blood flow, in subendocardium compared to 
subep :ardium (4), 
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„Table `. Effects of Hemodilution on RMHCT and RMBV 


RMHCT RMBV 
(4) (m1/100g) 
c ED č HD 
EE 37242 1743 4,340.2 3,710.1 
ME 37+2 1644 4.8+0.1 4.240.117 


Ek 3543 1544 48,.9+0.3" 4.740.4" 


TRANQYLRAL 3642 1673 4,640.1 4,270,1 
Values sre Mean+S.E. *P<0.05, different from EFI. 
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Introduction. Isovolemic hemodilution is 
increasingly used as a method of blood conservation. 
In a previous report (1), we described studies in 
which myocardial effects of selective coronary 
hemodilution were evaluated. These studies 
demonstrated well-maintained myocardial oxygen 
consumption and segment shortening in the face of 
severe reductions in coronary hematocrit to less than 
15%, because increases in coronary blood flow were 
sufficient to offset induced reductions in oxygen 
extraction. Analysis of reactive hyperemic responses 
demonstrated that coronary vasodilation along with 
reduced blood viscosity contributed to these 
increases in coronary blood flow (2), which inferred 
reduced tolerance of myocardium to hemodilution in 
the presence of exhausted coronary vasodilatory 
reserve capacity. The present study was designed to 
test this notion directly by evaluating influence of 
coronary insufficiency on changes in myocardial 
oxygen consumption and related parameters during 
selective coronary hemodilution. 

Methods. Seventeen large, mongrel dogs were 
anesthetized with sodium pentobarbital. After 
intubation and left thoracotomy, the animals were 
mechanically ventilated with room air supplemented 
with oxygen. Mean arterial pressure (MAP), mean left 
atrial pressure (MLAP), and left ventricular pressure 
(LVP) were measured. LVP was differentiated to give 
dP/dt max and used to drive a cardiotachometer. 

The left anterior descending coronary artery (LAD) 
was cannulated and perfused via an extracorporeal 
system. The perfusion system utilized two 
reservoirs; one contained normal arterial blood (NB) 
and the other contained arterial blood diluted with 
lactated Ringer's solution to hematocrit (HCT) 50% of 
control. To cause selective coronary hemodilution 
(HD), the LAD perfusion field was switched from 
normal blood reservoir to low HCT reservoir. LAD 
perfusion pressure was maintained with compressed gas 
at a level near MAP (94+ 3 mmHg) during NB and HD, 
and it was also set to 50% of that level during HD to 
simulate coronary insufficiency (CI). The reduction 
in perfusion pressure abolished reactive hyperemic 
response to 90 sec occlusion, indicating exhausted 
vasodilatory reserve capacity. Coronary blood flow 
(CBF) via the LAD perfusion line was measured with an 
electromagnetic flow transducer and meter. 

The anterior ascending coronary vein was cannulated 
at same level as the LAD so that the local 
arteriovenous oxygen content difference (C(a-v)0o ) 
could be determined and used in Fick equation to 
compute local myocardial oxygen consumption (MVOo ). 
Measurements of myocardial segment length in LAD bed 
were obtained with ultrasonic crystals. Percent 
segment shortening (255) was calculated from the 
formula, %SS = (End-diastolic length - End-systolic 
length)/ End-diastolic length. Transmural 
distribution of CBF was determined with 15 ų 
radioactive microspheres (3). Measurements were 
obtained after attainment of steady-state hemodynamic 
conditions during selective LAD hemodilution, usually 
3 min after change in coronary perfusion condition. 
Statistical analyses were performed using ANOVA and 
Student-Newman-Keuls test. P<0.05 was considered 


Significant. 

Results. Coronary and myocardial effects of 
selective coronary hemcodilution are presented in 
Table 1. With perfusion pressure at control levels 
during hemodilution, increased coronary blood flow 
compensated for reduced oxygen extraction, which 
maintained oxygen consumption and segment shortening 
constant. This was not the case when hemodilution 
was combined with coronary insufficiency. Under this 
condition, coronary blood flow was no greater than 
control resulting in reduction in myocardial oxygen 
consumption and segment shortening. EPI/ENDO ratios 
indicated transmurally uniform myocardial blood flow 
under control conditions and during hemodilution 
alone, but a transmural gradient favoring the 
subepicardium during hemodilution combined with 
coronary insufficiency. 

Under control conditions, values (mean +S.E.) for 
Systemic hemodynamic and arterial blood parameters 
were unremarkable (MAP, 83 +4 mmHg; MLAP, 5.3 +0.6 
mmHg; dP/dt max, 1255 +55 mmHg/sec; heart rate, 
142 +5 beats/min; POs , 126 +15 mmilg; PCO. ,37 +4 
mmHg; pH, 7.36 +0.01; HCT, 43+ 2 &). These values 


remained constant during selective coronary 
hemodilution, 
Discussion. The present study demonstrated that 


increases in coronary blood flow were sufficient to 
maintain myocardial oxygenation and function during 
hemodilution with perfusion pressure constant, but 
not during hemodilution with perfusion pressure 
reduced to simulate coronary insufficiency. Although 
reductions in blood viscosity apparently contribute 
to coronary hyperemia during hemodilution, this 
factor in itself could not raise flow adequately. 
The relative underperfusion of subendocardium during 
hemodilution with perfusion pressure reduced suggests 
that oxygen deficit may be magnified in this region. 
The present findings raise questions about use of 
isovolemic hemodilution clinically in patients with 
coronary artery disease. 
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Table 1. Effects of Coronary Hemodilution 


ye 


HCT CBF  C(A-V)O> MVO> SS EPI/ENDO 
(4) (ml/min) (vol. %) (ml/min) RATIO 
NB 4y 53 7.30 3.57 16.0 1.15 
+2 +11 1.35 +0.63 +22.0 +0.10 
HD 18# 146% 3.12* 3.73 14.5 1.30 
+2 +33 +0.70 +0.71 +1.9 +0.10 

HD-CI 17% 48+ 3.95% 1,68%+ 9.6%+ 0.73%+ 
+2 +11 +0.88 +0.26 +2,.4 +0,06 


Mean+S.E. * vs NB, + vs HD, P<0.05. 
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introduction: Propnylacztie dantrolene (oral 
or intravenous) is recommended for malignant 
hyperthermia suseeptidle (MHS) patients undergoing 
elective surgery. However, the incidence of MH 
reactions and anesthetic complications in a large 
population of MHS patients who received a 
trigger-free anesthetic for elective surgery 
without prophylactie dantrolene is not known. To 
determine tne incidence of tnese complications in 
MHS patients, we reviewed the anestnetic records of 
950 MHS patients undergoing elective muscle biopsy. 

Methods: We retrospectively reviewed the 
anesthetic management and peri-operative 
complications of 956 MHS patients undergoing 
elective muscle biopsy. The patients were referred 
for elective muscle biopsy because of a previous MH 
reaction, a family history of MH, or undiagnosed 
musele cramps. we recorded the peri-operative 
complications in the operating room, recovery room, 
and on the ward post-operatively (Table). The 
criteria for positive muscle biopsy included a 
positive response to halothane contracture 
(normal = 0), caffeine contracture (normal > 4.1), 
and combined halothane and caffeine contracture 
(normal > 1.2). Statistical significance (P < 0.05) 
was determined using the Chi-squared test with Yates 
correction. 

Results: Of the 956 patients (mean age 31.2 
yrs, range 1-95), 643 were biopsy-positive and 313 
were biopsy-negative. Regional anesthesia (spinal, 
epidural, and field block with tetracaine, 
lidocaine, and mepivieaine) was used in 6.3% of the 
patients. Those receiving general anesthesia 
(93.7%) were premedicated with oral diazepam and 
intramuscular pantopon. Neither oral nor 
intravenous dantrolene was given. Generai 
anestnesia was induced with intravenous diazepam, 
droperidol, and fentanyl, and maintained with 
nitrous oxide and oxygen after endotracheal 
intubation. Muscle relaxants were not used. All 
patients were monitored in a routine manner for 
MHS. In most cases, the vastus lateralis muscle 
was diopsied. Six patients (10%) receiving 
regional anestnesia had nauseé, or pain at the 
biopsy site, whereas 127 patients (14.2%) receiving 
general anesthesia nad minor complications (Table). 
There was no significant difference in the 
incidence of complications between regional and 
general anesthesia. Four patients who were muscle 
biopsy-positive (0.52%), developed mild MH 
reactions in the recovery room after general 
anesthesia: one was treated successfully with 
general measures, and the other three were treated 
successfully with intravenous dantrolene. 

Discussion: The incidence of MH reactions ina 

large population of biopsy-positive MHS patients 
who receive a trigger-free anesthetic for minor 
elective surgery without prophylactic dantrolene 
(0.62%), is extremely small. The four tinor MH 
reactions which did occur, occurred in the recovery 


room and were easily reversed with intravenous 
dant™.:ene. Most of the other minor complications 
(tab_21 may be attributed to the avoidance of musele 
relazants during intubation and to the use of large 
doses of narcotics and anxiolytics during 
anesciesia. in view of the very low incidence of MH 
reac_ions in this high-risk (biopsy-positive) group 
of Macs patients who received a trigger-free 
anes—letiec, and because intravenous dantrolene 
reverses MH reactions, prophylactic dantrolene is 
not -idieated for MHS patients undergoing minor 
eiec-ive surgery. 
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Introduction: When patients with end-stage 
cardiomyopathies are evaluated for 
orthotopic heart transplantation (OHT), 
pulmonary hypertension (PH) responsive to 
vasodilator therapy may allow heart 
transplantation. However, primary or fixed 
PH unresponsive to vasodilator therapy 
mandates heart-lung transplantation. A major 
limiting factor when weaning from 
cardiopulmonary bypass (CPB) after OHT is 
right heart failure when the newly 
transplanted; ischemic heart is suddenly 
presented with elevated afterload i.2., 
pulmonary hypertension. The Stanford 
criteria for OHT requires pulmonary artery 
systolic (PAS) < 50 mm Hg, pulmonary artery 
mean (PAM) < 30 mm HJ, and pulmonary 
vascylar registance (PVR) < 320 dyne . 

sec cm -~ after infusion of sodium 
nitroprusside (snp)? - The purpose of this 
study was to evaluate and compare 
nitroglycerin (NTG) with SNP in these 
patients. 


Methods: With the approval of the Human 
Investigation Committee and after informed 
written consent 24 patients with PH were 
cannulated with radial artery and 
thermodilution pulmonary artery catheters. 
Hemodynamic measurements and calculations 
were made after progressive infusions of SNP 
(0.0, 0.5, 1.0 and 1.5 ug.kg71) and then NTG 
(0.0, 0.5, 160, and 1.5 ug.kg71). all 
patients were at rest, without medication, 
normocarbic, normoxic and with normal pH. 
Analysis of variance and Tukey Pairwise 
comparison were used for data analysis. 


Results: (See figures) 


Discussion: Because the pulmonary 
circulation is distensible, and the 
pulsatile component of flow is great, the 
calculation of PVRI accounts only for 50-60% 
of impedance to flow for the right ventricle 
compared to SVRI accounting for greater than 
90% of impedance to flow for the left 
ventricle. SNP and NTG equally reduced PVRI 
and PAM but the mechanism for the change was 
different. SNP caused a signiticantly 
greater increase in CI and greater decrease 
in PCWP than NTG. Even though PVRI is an 
inadequate index of right ventricular 
afterload, it is the only clinically 
available index. NTG at this dose level 
appears to lower PH to levels that match the 
Stanford SNP criteria and offers a 
therapeutic alternative. 
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Introduction: Even though patients may meet 
the Stanford! criteria for reduction in 
pulmonary hypertension (PH) after 
vasodilator therapy with sodium 
nitroprusside (SNP) or nitroglycerin (NTG), 
right heart failure after orthotopic heart 
transplantation (OHT) remains a significant 
cause of intraoperative mortality and 
postoperative morbidity. The Stanford 
criteria for OHT requires pulmonary artery 
systolic pressure < 50 mm Hg, pulmonary 
artery mean pressure < 30 mm Hg, and 
pulmonary vascular resistance (PVR) < 320 
dyne . sec“. cm”. Some centers have used 
right ventricular assist devices after OHT 
when pharmacologic therapy has failed. 


Methods: With the approval of the Human 
Investigation Committee and informed written 
consent, we documented our intraoperative 
treatment of 15 consecutive patients with PH 
that had been evaluated preoperatively with 
SNP and NTG and then underwent OHT. 


Results: Inotropic and vasodilator therapy 
was required in nine patients prior to and 
during induction of anesthesia. Additional 
hemodynamic support with the intra-aortic 
balloon pump (IABP) was necessary pre- 
operatively in four patients. 


All patients were weaned from 
cardiopulmonary bypass (CPB) with 
isoproterenol at a minimal doses of 2 
ugemin ^ . Ten patients (66%) required 
dobutamine and eight patients (53%) required 
epinephrine for inadequate cardiac index 

(< 260: Da mint, m-“), 


Isoproterenol caused sufficient pulmonary 
vasodilation that no additional vasodilators 
were required in four patients (27%). Six 
patients (40%) required one vasodilator (SNP 
or NTG) and five patients (33%) required 
both SNP and NTG. Two patients received 
prostaglandin E, (PGE) infusions in the 
right atrium and norepinephrine infusions in 
the left atrium for severe pulmonary 
hypertension and right ventricular failure 
unresponsive to massive doses of 
nitroglycerin, nitroprusside, phentolamine, 
and beta-agonists*, No additional IABP's 
were inserted. All patients were discharged 
from the hospital. 


Emory University School of Medicine, Atlanta, Georgia 30322 


Discussion: We feel that rational 
anesthetic care including inotropic and 
vasoditator therapy is oniy possible with 
the use of thermodilution pulmonary artery 
catheters in contrast to other centers that 
only monitor CVP. These catheters, in long 
sterila sheaths, can be refloated after 

CPB. In patients with pulmonary 
hypertension, we initiate vasodilator 
therap; as soon as the PAM > I5mm Hg, before 
terminating CPB, and attempt to prevent 
excessive right ventricular afterload and 
seek tọ avoid any right ventricular 
distension. A second vasodilator i.e, NTS, 
was aded if the PAM > 25 mm Hg after toxic 
levels of SNP i.e.> 10 ug.kg * . min-* were 
alread; infusing. PGE and norepinephrine 
provid2d dramatic responses in two patients 
who couldn't be weaned from CPB due to right 
heart failure. Even though the pulmonary 
pressuzes were not changed with the addition 
of the PGE, the systemic pressures were 
dramatically reduced requiring infusions of 
norepinephrine in the left atrium. Obvious 
right ventricular distension resolved with 
cliniczlly apparent increased right 
ventricular contractility. 


We also noted that patients with pulmonary 
hypert2nsion do not tolerate alpha-agonist 
infusions and will develope severe pulmonary 
hypert2nsion with low doses of epinephrine 
or nor2phinephrine when concomitant 
vasoditator therapy is absent. 


The Stinford criteria is obviously at the 
upper limit of pulmonary hypertension that 
can reteive OHT. We were able to wean all 
patienzs from CPB with these techniques and 
recommz2nd this approach before the use of 
the ritnt ventricular assist device. 
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Introduction: Neuromuscular blockade is commonly 
monitored using either single twitch. (ST) or 
train-of-four (TOF) stimulation. It ig generally 


assumed that the response to the first twitch of TOF 
is similar to ST. Stimulation of nerves increases 
blood flow to corresponding muscle in animals (1) and 
the onset of neuromuscular blockade is also affected 
by muscle blood flow (2). Thus, it follows that the 
presence of stimulation, by itself,. may be expected 
to accelerate the onset of neuromuscular blockade. 
The purpose of this study was to determine whether 
this effect may be present in the range of 
stimulation used clinically. This was tested, using 
patients as their own controls, by stimulating both 
ulnar nerves simultaneously with TOF and ST and 
comparing the responses of both adductor pollicis 
muscles. 


Methods: After institutional approval, informed 
consent was obtained from adult ASA 1 & 2 patients. 
Anaesthesia was induced with thiopental and fentanyl, 
and maintained with nitrous oxide and fentanyl. Both 
ulnar nerves were stimulated and the force of 
contraction of both adductor pollicis muscles was 
recorded. The site of the intravenous line and the 
pattern of stimulation for each arm were randomized. 
Twenty-two patients had train-of-four (TOF) applied 
to one arm and single twitches (ST) to the other, and 
repeated every 12 seconds. After a 5-minute baseline 
recording, atracurium, 0.4 mg/kg or succinylcholine, 
l mg/kg, was injected rapidly. Onset time was taken 
as time from injection to 90% block of ST height or 
90% block for the first-twitch height in a TOF. 
Recovery was defined as the time to spontaneous 
return to the same level. Results were expressed as 
mean + SEM, and student's paired t test was used for 
Statistical analysis. 


Results: In all patients, and for both relaxants 
tested, the apparent onset of blockade was shorter 
when measured by TOF compared with ST stimulation 
(Table I and Fig. I). For atracurium, the time to 
90% blockade of twitch height for TOF stimulation 
was 1.4 minutes shorter than that for ST. In all 
patients, the time to 10% recovery was longer for TOF 
compared with ST stimulation. 


TABLE I 
RELAXANT ONSET (MIN) RECOVERY (MIN) 
ST TOF p ST TOF p 
S 9 SS S 2 OY 5°) S * 
Atra 3.4 2.0 .0005 31.2 35.0 .0003 
+0.4 +0.2 41.4 +1.1 
Sux. 1.00 0.82 .0005 7.1 8.1 .001 
+0.07 +0.0Ẹ +0.5 +0.5 


Saa ge 


Discussion: This study demonstrates that the pattern 


of stimulation can affect the apparent onset and 
recovery of blockade by depolarizing and 
non-depolarizing relaxants. The results are 
consistent with a  contraction-induced increased 
delivery of the drug to the neuromuscular junction by 
TOF stimulation. Recovery from TOF stimulation 
occurs Slightly later, presumably because of the 
larger amount of drug delivered to the muscle. 
Although statistically significant, the differences 
in recovery times achieved by ST and TOF stimulation 
are clinically insignificant. However, the mode of 
stimulation influences onset time markedly such that 
data obtained with different modes of stimulation 
should not be compared. 
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Figure 1. Single twitch height and height of first 
twitch of train-of-four during onset of 
atracurium neuromuscular block. 
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It has been debated over the past 3 decades whether 
pulsatile flow offers superiority over continuous 
flow. Proponents of continuous flow argue that short 
CPB (2-3 hrs) offers very little advantage in return 
for the complexities associated with the pulsatile 
pump. In order to determine the adequacy of total 
body perfusion during the hypothermic state in humans, 
we studied oxygen consumption (OXC), serum lactate 
levels (SL), systemic vascular resistance (SVR) and 
mean arterial blood pressure (MBP) on pulsatile and 
non-pulsatile CPB. 

METHODS: Twenty-four consenting adult patients under- 
going elective aorto-coronary bypass surgery were 
randomly divided into 2 groups, Gr I, roller (N=13) 
and Gr II, pulsatile (N=11). Excluded from the study 
were emergency cases, those with left ventricular 
ejection fraction < 0.4 and those on either cardiac 
assist devices or intravenous vasoactive drug therapy 
which could affect the status of the peripheral vas- 
cular resistance. All patients were anesthetized in 
a similar fashion with diazepam (D) or midazolam (M), 
sufentanil (S), pancuronium (P) and xylocaine for in- 
duction and maintained on D or M, S, P and isoflurane. 
Additional D or M, S and P were administered just 
prior to commencement of CPB. No continuous infu- 
sions of vasoactive drugs were utilized on CPB. Pump 
flows were maintained at 2.5 l/min/m2 during norm- 
othermia and 1.5 1/min/m2 during hypothermia. MBP 
was kept between 40-70mmHg and pressures outside this 
range were treated with boluses of aramine or nitro- 
glycerin as needed. Blood samples were obtained at 

3 separate periods for OxXC and SL. OXC was calcu- 
lated by using the Fick principle. SL was measured 
using pyruvate to lactate Dupont automatic clinical 
analyzer at time 1 (tl) during normothermia pre- 
bypass, time 2 (t2) at the lowest temperature on CPB 
and time 3 (t3) upon stabilization off CPB. MBP was 
measured at tl, t2 and t3 and SVR was calculated 
using the established formula. Patients were cooled 
to blood temperature 28°C and warmed to rectal temp- 
erature of at least 36°C before discontinuation from 
CPB. Statistical analyses were performed using Stu- 
dent's t test for comparison within the 2 groups. P 
value < 0.05 was considered statistically significant. 
RESULTS: Initial determination of control value (SVR, 
MBP, OXC and SL) between the 2 groups revealed no 
statistical difference. Patients were closely matched 
for age, number of aorto-coronary grafts performed, 
CPB time and aortic cross-clamp time (CCT) (Table 1). 
MBP was significantly lower with pulsatile pump at t2 
(55+6 vs. 62+7mmHg) with corresponding reduction in 
SVR. Pump flows were statistically similar (Gr I = 
1,654+176, Gr II = 1,709+197cc/min). SL levels were 
statistically lower in the pulsatile group at t2 
(1.9+0.8 vs. 3.0+1.2 mmol/l). OXC was significantly 
higher in the pulsatile group at t2 (46+8 vs. 33+9 
cc/min/m2). 

DISCUSSION: Total body oxygen consumption and SL 
levels would be considered amcng the leading indica- 
tors of the integrity of micrecirculation. Should 
pulsatile flow be utilized routinely for short CPB 
such as the usual aorto-coronary bypass procedure? 
Our study indicates that tissue perfusion is better 


preserved with the pulsatile flow as evidenced by in- 
creased OXC and decreased SL during hypothermia on 


CPB. Since both MBP and SVR were significantly lower 
in th= pulsatile group, we conclude ‘nat pulsatility 
helpe= zo maintain patency of the peripheral vascula- 
ture =nd yielded these beneficial effects. Although 
we still do not have clear indication as to the clin- 
ical —=nefits of this finding, it is certainly appro- 
priat= to conclude that pulsatile flow was superior 

in this setting. Further investigative work to assess 
its cHinical implications would be worthwhile. 


Table 1 ROLLER Gr I vs. PULSATILE Gr II 
Gr I, N=13 Gr II, N=11 
Mean 33e (yrs) 63 + 9.3 65 + 8.2 NS 
Pump zime (min) | 135 + 35 138 + 29 NS 
CCT (rin) 80 + 24 77 + 21 NS 
Vessežs 4.0 + 0.8 3.7 + 0.8 NS 
tl=prebypass t2=coldest temp. 
Gr II 
MBP (mH) 62+7.3 55+6.4 * 
SVR (=ynes- 1343+144 * 
sec/=m? 





Rectal temp] 35.1+0.5 |35.1+0.5 | 29.44+1.0 | 30.0+1.1 
(c) 

Flow rate | 2154+445 | 2464+713 | 16544176 | 170¢+197 
m1 /ran /m2 


* = .01 
Fig. I - Roller vs. Pulsatile Flow-Oxygen Consumption 
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Fig. —I-Roller vs. Pulsatile Flow - Serum Lactate 
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Referince: Fox, L.W., Blackstone, E.H., Kirlin, J.W. 
Relat_cnship of whole body oxygen consumption to per- 
fusiœ flow rate during hypothermic cardiopulmonary 
bypas:.. J Thorac Cardiovasc. 83:239, 1982. 


*Eleezro-Catheter Corporation 


e 
S40 ANESTH ANALG 
1987;66:S1-S191 


ABSTRACTS 


Title: PERFORMANCE OF INJECTOR-TYPE VAPORIZER DURING HIGH-FREQUENCY POSITIVE PRESSURE VENTILATION 


Authors: W.A., Doyle, M.D., Ge McLaughlin, R.N., Ne Gravenstein, M.D. 


Affiliations: Department of Anesthesivlogy, University of Florida College .of Medicine, 


Gainesville, Florida 32619-0254 


Introduction. High-frequency positive pressure 
ventilation (HFPPV) is used in extracorporeal shock- 
wave lithotripsy and certain neurosurgical and thor- 
acic operations to minimize movement at and around 
the surgical field. Various depths of anesthesia are 
required for these procedures and therefore precise 
control over Jelivery of volatile anesthetic agents 
is highiy desirable. With high-frequency jet venti- 
lation (HFJV), anesthetic gas can be entrained from a 
circle system, however, delivery to the patient is 
variable and tneffictent (1). The Siemens Servo Yen- 
tilator (900D) has the capability to provide HFPPV 
and to control rate and volume of ventilatton pre- 
cisely. Combined with a No0/air/09 mixer and an 
in-line, injector-type vaporizer, the system can be 
used to deliver anesthetic gas mixtures. A previous 
study has shown the effects of positive pressure ven- 
tilation and of flow rate on anesthetic delivery by 
some variable bypass vaporizers (2). We examined the 
effects of rate and ventilatory minute volume on per- 
formance of an injector-type vaporizer used with con- 
ventional and high-frequency ventilation. 

Materials and Methods. The Siemens Servo Venti- 
Lator 900D with a manual ventilation accessory, 
Ng0/air/O. mixer, and isoflurane vaporizer 952 
was used. A low compliance breathing circuit was at- 
tached and connected vie a 7.5-mm endotracheal tube 
to a test lung with a mixing fan and a gas sampling 
port in the bellows compartment. Compliance of the 
test lung was set at 0.1 L/cm H30 and the gas mixer 
was set to deliver 1004 0O. Minute volumes of 5, 
15, 20, and 25 L/min; and vaporizer settings of 9.5, 
1.0, 2.9, and 3.0% were studied. For each minute 
volume, the vaporizer setting was varied incremental- 
ly from .0.5-3.0%. At each vaporizer setting, the 
venttlator rate was increased to 10, 33, 66, 100, and 
115 breaths/min. At each rate, the concentration of 
anesthetic delivered was measured with a Perkin-Elmer 
mass spectrometer (MGA-1100), which sampled gas from 
the test lung after equilibration at each combination 
of settings. The test lung was flushed with 100% 
02 after each measurement and each measurement was 
repeated three times. Statistical analysis was per- 
formed by ANOVA. 

Results. Mean deviations in volume of gas de- 
livered from the gas volume setting in volume percent 
were 0.20, 0.15, 0.125, 9.11, and O.1L for the rates 
of 10, 33, 66, 100, and 115 breaths/min, respectively 
(Fig. 1). Statistical analysis showed the rates of 
10 and 33 breaths/min to be significantly different 
from all the other rates (P < 0.01). The mean devi- 
ations in volume percent were 0.11, 0.10, 0.14, and 
0.24 for minute volumes of 5, 15, 20, and 25 L/min, 
respectively. Analysis of variance indicated that 
the mean deviations from the set concentration at 
minute volumes of 20 and 25 L/min were significantly 
greater than those at all other minute volumes stud- 
ied (P < 0.01); 

Discussion. Despite a calibration offset, the 
vaporizer delivered consistent concentrations of 
anesthetic over a wide range of ventilator settings. 
While the difference in vaporizer accuracy during 
conventional rates (10 and 33 breaths/min) compared 
with high rates (> 60 breaths/min) is statistically 
significant, the range of the mean deviations is only 


0.09 volume percent and is not clinically signifi- 
cante Likewise, the observed increase in vaporizer 
nutput at the higher minute volumes we studied is al- 
so of minimal clinical significance because the range 
of the mean deviations was only 0.14 volume percent. 
Vaporizer performance may deviate significantly at 
higher minute volumes than we studied. The Siemens 
injector-type vaporizer enables the clinician to de- 
liver volatile anesthetic agents during either con- 
venttonal or high-frequency (HFPPV) ventilation. 
Reference 
le Gravenstein N, Weber W, Banner MJ. Entrainnent 
of anesthetic pases fron the circle system during 
high frequency jet ventilation and anesthesia. 
(Abstr) Anesthesiology 1986; in press. 
2. Towe HJ, Beckham LM, Han YH, Evers JL. Vaporizer 
performance: closed circuit fluothane anesthe- 
Siae Anesth Analg 1962; 41:742-54, 
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Figure 1. Effect of minute ventilation on vaporizer 
output. Each data point represents mean + SD of 
pooled data (N = 60) for all vaporizer and ventilator 
rate settings. *P < 0.01 compared with all other 
minute ventilattons. P < 0.01 compared with all 
other minute ventilations. 
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Ventilator Rate 
Figure 2. Effect of ventilator rate (breaths/min) on 
vaporizer output. Each data point represents mean + 
SD pooled data (N = 48) for all vaporizer and minute 
ventilation settings. *P < 0.01 compared with all 
other ventilatory rates. +P < 0.01 compared with 
all other ventilator rates. 
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introduction. Nausea and vomiting is a common 


complication following outpatient anesthesia. The 
antiemetic effectiveness of low-dose droperidol is 
controversial (1,2). Metoclopramide, a gastro- 
kinetic agent, has been reported to be a highly 
effective antiemetic by some investigators (3,4), 
while others have questioned its ability to prevent 
postoperative nausea and vomiting (1). We deter- 
mined tne incidence of postoperative nausea and 


vomiting when droperidol was administered alone or. 


in combination with metoclopramide prior to 
outpatient anesthesia. In addition, we assessed 
the effect of nausea and vomiting on recovery 
times following brief outpatient procedures. 
Metnods. One-hundred and eighty (180) consenting 
young women undergoing’ elective midtrimester 
abortion procedures under general anesthesia were 
studied. The study was approved by the Human 
Subject's Committee. - Premedication consisted of 
droperidol (0.5-1.0 mg iv}, 
minutes prior to induction of anesthesia, alone or 
in combination with’ metoclopramide (10-20 mg iv) 
administered 15-30 min prior to the droperidol. 
Anesthesia consisted of sufentanil 10-20 pg, 
followed by induction of anesthesia with either 
thiopental (3-4 mg/kg) or methohexital (1-1.5 
mg/kg). Maintenance of anesthesia consisted of a 
thiopental (8-16 mg/min) or methohexital (3-6 
mg/min) infusion in combination with nitrous oxide 
(N20), 70% in oxygen. Three different anesthetic 
techniques were studied: Group I received tniopen- 
tal for induction and maintenance; Group II 
received thiopental for induction and methohexital 
for maintenance; and Group III received metnohexi- 
tal for both induction and maintenance. The 
patients were allowed to breathe spontaneously and 
a stable level of anesthesia was maintained by 
varying the rate of the maintenance infusion in 
response to clinical signs. At the end of surgery, 
the hypnotic infusion was discontinued. Recovery 
times from discontinuation of N20 until awakening 
(eye opening), orientation (to person and place), 
ambulation (without assistance) and discharge (from 
the recovery room) were recorded. 
nausea and/or vomiting were recorded by the 
recovery room staff... Data are reported as mean 
values +.5.D. Statistical analyses included Chi- 
squared test, Student's t-test and Mann-Whitney 
rank sum test, with p<0.05 considered statistically 
Significant. 

Results. The three anesthetic groups were 
comparable with respect to age (2548 yr), weight 
(62t11 kg) and duration of anesthesia (19+5 min). 
Although there was no difference among the three 
anesthetic groups with respect to the incidence of 
nausea and vomiting (table 1), less postoperative 


nausea and vomiting was reported in the groups. 


premedicated with the combination of droperidol and 
metoclopramide (versus droperidol alone). Nausea 
and/or vomiting prolonged the time to ambulation 
and discharge following brief outpatient procedures 
(table 2). In Group III, the ambulation and 


discharge times for the droperidol-treated patients 


(77432min and 1024+35min, respectively) were 
Significantly longer than for those patients 


administered 3-6 


All episodes of 


rece ting the droperidol-metoclopramide combination 
(61+ -nin and 82+23min, respectively), p<0.05. 
Dis=ssion. Previous studies involving out- 
patisitts undergoing similar gynecologic procedures 
have reported a 41-68% incidence of postoperative 
naus=. and vomiting depending on the type of 
premerication (1,5). Our data are consistent vith 
stud =3 demonstrating the limited effectiveness of 
low-==se droperidol for antiemetic prophylaxis in 
patierts undergoing outpatient anesthesia (1,2,5). 
Alth=a'gh higher doses of droperidol are more 
effec ive (6,7), residual seéation can itself delay 
disckerge from an outpatient unit. In our study, a 
comb_—ation of droperidol end metoclopramide was 
more =ffective in preventing nausea and vomizing 
than =roperidol alone. One possible explanation 
may məlate to a synergistic action between the 
gast=<xinetic medication, metoclopramide, and the 
cent—zlly-acting drug, droperidol. Since the 
occu—=ence of nausea ani vomiting significantly 
prolaxzed the recovery room stay for these outpa- 
tien==, the antiemetic effect of a droperidol- 
metoc_Ipramide combination weuld be of advantage in 
busy ‘ambulatory surgery centers where rapid 
recowr>y is ‘important. 
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Table 1: Incidence of postoperative nausea and/or 
vomittag after outpatient anesthesia 
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Droperidol 


Droperidol plus 
`N metoclopramide 











“Sign: ficantly different from droperidol, p<0.05 


| 
Table !2: Effects of postoperative nausea and 
vomit-=g on recovery times (min) 


! No Symptoms Nausea Nausea+Vomit 
Numbe=” 124 12 44 
Awakesm ng 3+2 3+1 3+2 
Orien=tion 4+2 4+2 33 
Ambulation 64416 88+34* 95+38* 
Dischage 83+20 115+35* 120+37* 


*Signticantly different from asymptomatic group, 
pio. =. o i 
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Introduction. Intrathecal administration of 
alpha-2 adrenergic agonists has been shown to pro- 
duce analgesia in various animal models, as well as 
in humans. However, the clinical utility of this 
analgesic effect is limited by side effects; notably 
hypotension, bradycardia and disturbance of motor 
function. One strategy to circumvent this problem 
is to use other pharmacological agents to selec- 
tively potentiate the analgesic effect. Such poten- 
tiation occurs with the co-administration of 
intrathecal alpha~2 adrenergic agonists and 
intrathecal morphine. However, whether systemic 
morphine is capable of producing a similar potentia- 
tion has never been addressed. This information is 
particularly relevant since the antinociceptive 
action of supraspinal morphine is partly mediated 
through the yelease of norepinephrine at the spinal 
cord level, This study was performed to test 
whether combined administration of subtherapeutic 
dose of intrathecal clonidine (an alpha-2 adrenergic 
agonist) and a subtherapeutic dose systemic morphine 
can produce analgesia, 


Methods. Thirty four male Sprague-Dawley rats 
(250-350g¢) were anesthetized with sodium pentobarbi- 
tal (60 mg/kg i.p.) to permit intrathecal insertion 
of a PE-10 tubing catheter to the caudal portion of 
the lumbar enlargement. Animals were allowed to 
recover for at least 5 days before being tested. 
The tail-flick (TF) test was used to assess anal- 
gesia. The heat source was a a projection lamp 
which was focussed on the tail, with latency to 
movement as the endpoint. The heat was turned off 
at 9 seconds if there hed been no response (cut- 
off), and this value was assigned as the response 
latency. In the first set of experiments’ the 
animals received either morphine sulfate (1 mg/kg 
S.C.) dissolved in saline, or an equal volume of 
saline alone, administered in a blinded fashion. 
Twenty minutes later 5 pg of clonidine HCl in 5 yl 
of a balanced salt solution (BSS) was administered 
intrathecally. In the second set of experiments all 
animals received morphine sulfate (1 mg/kg s.c.), 
followed by a blinded intrathecal injection of 
either 5 pg of clonidine HCl or 5 yl of BSS. Meas- 
urements of tail-flick latency were made prior to 
drug administration, and then every ten minutes, 
beginning ten minutes after the intrathecal injec- 
tion. Response latencies after drug administration 
were converted to percent maximal possible effect 
(ZMMPE), where ZMPE = [(postdrug latency - baseline 
latency)/(cut-off - baseline latency)] X 100%. Data 
were evaluated for significance using a Mann-Whitney 
U test with a P < 0.05 considered significant. 


Results. Response latencies following s.c. 
morphine plus intrathecal vehicle, or s.c. saline 
plus intrathecal clonidine were not significantly 
different from baseline. However, the combination 
of s.c. morphine plus intrathecal clonidine pro- 
duced significant analgesia. This effect was 
apparent at 10 minutes and persisted for 50 minutes. 


- Discussion. Systemic morphine produces anal- 
gesia by activating opiate sensitive sites in the 


spinal cord and the brainstem" Activation of 
brainstem sites, in turn, produce inhibition of spi- 
nal pain transmission via descending pathways to the 
spinal cord. There is evidence supporting a role of 
several neurotransmitters, including norepinephrine, 
as the spinal cord mediators of this descending 
modulatory system. The results of the present 
experiments demonstrate a greater than additive 
effect following the combined administration of sys- 
temic morphine and intrathecal clonidine. This 
effect could result solely from an interaction 
between clonidine”’s spinal alpha-2 adrenergic 
effect, and a direct action of systemic morphine at 
spinal opiate receptors. Alternatively, the 
observed synergistic effect may depend on an action 
by systemic morphine at opiate sensitive sites in 
the brainstem causing the activation of descending 
noradrenergic pathways. Selective potentiation of 
analgesia is possible under these circumstances 
because release of norepinephrine is restricted to 
the pain-modulating noradrenergic neurons activated 
by morphine. Work is now underway to establish the 
relative contribution of these elements to the 
observed effect. 
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INTRODUCTION: While there is evidence that an 
elevated serum glucose (SG) prior to an episode of 
cerebral ischemia may result in a worsened post- 
ischemic cerebral metabolic state! and a poorer 
neurologic outcome“, there have been no comparable 
investigations of spinal cord ischemia. This study 
was undertaken to determine whether moderate 
hyperglycemia present at the onset of spinal cerd 
ischemia influences the incidence or severity cf the 
subsequent neurologic deficit. 


METHODS: Spinal cord ischemia in the New Zealand 
White Rabbit (NZWR) was produced by balloon occlusion 
of the abdominal aorta. 

ED5o_ Determination. The ED5o for the aortic 
occlusion duration required to ca sG paraplegia was 
determined by the method of Zivin?>*. Thirty-two 
fasted (18 hr) NZWRs, wieght 2.3-3.2 kg, were 
anesthetized with halothane in 99 by mask. A 4 Fr 
balloon tipped angiography taho ter was placed 
transfemorally in the aorta with the tip 0.5-1.5 cm 
distal to the left renal artery. The anesthetic was 
discontinued and after a 2 hr recovery period, the 
aorta was occluded by balloon inflation. Occlusion 
was confirmed by the cessation of pulsatile distal 
pressure. Occlusion durations ranged from 7.5 to 30 
min. The catheter was removed immediately post 
deocclusion. Neurologic function was graded by a 
blinded observer daily for 3 days. Rabbits were 
scored as paraglegic (paraplegic or paraparetic and 
unable to hop) or non paraplegic (normal or paretic 
and able to hop). The EDsọ was determined by quantal 
analysis?» ; 

Dextrose Study. Twenty-four fasted NZWR’s were 
studied. Preparation was as above. Fifteen minutes 
prior to aortic occlusion, 14 animals received a slow 
iv bolus of 50% dextrose (0.5 g/kg) and 10 received 
normal saline. All occlusions were for 14 minutes 
(the ED5q for paraplegia). Neurologic scoring was 
DEO MEA for three days. The incidence of paraplegia 
in n two groups was compared with Fisher's exact 
test. 


RESULTS: ED50 The EDs for paraplegia on Day 3 was 
an occlusion of 13.99 + 2.67 (SE) mins. Only 2 
ed status between neurologic evaluations 


n 
rabbits chang 
on Days 1 and 3 (1 became paraplegic and 1 became 








CONTROL 
PRE PRE POST 
SALINE OCCLUSION OCCLUSION 
MAP (mmHg) 97+16 97417 83+17 ns 
HR (b/m) 232+28 237+20 258+27 ns 
DH 7,434.06 7.444.05 7.42+.07 ns 
PCO2 (mmHg) 31+2 2943 23+3 *p<.00]1 
PO2 (mmHg) 86+8 89411 9547 ns 7 
BD(meq/1)} 2+4 4+3 8+4 *p<.002 
HCT(%) 405 4045 4245 ns 


GLUC(mg/di}} 168450 166467 173466 ns 
OSM(mOsm/1)} 293415 29216 295415 ns 


TABLE. Mean arterial pressure (MAP), heart rate 
(HR), blood gas, base deficit (BD), hematocrit 
(HCT), blood glucose (GLUC), and osmolarity 
(OSM) data prior to administration of 0.5 g/kg 
of dextrose (DEXTROSE) or saline (CONTROL), 
prior to aortic occlusion, and immediately post 


non-pa’ Iplegic). 

Dext: ise Study. Dextrose administration resulted in 
a sign <icantly (p<.004) higher pre-occlusion SG in 
the de: ‘rose group than in control animals (291482 vs 
166+67 nc/d1). However, the immediate post .occlusion 
SG did ict differ between the 2 groups (207470 vs 
173+76r 1/d1). Cardiovascular and biochemistry data 
are gi’ 2m in the Table. There were no significant 
betwee groups differences in blood pressure, heart 
rate, ‘cod gases, hematocrit or osmolarity (freeze 
point - 2pression). There were four post occlusion 
deaths n the dextrose group. Two died after seizure- 
like a Zivity between 2 and 3 hours post occlusion 
and 2 ~:re sacrificed to relieve distress following 
simila- events. There were no such occurrences amang 
contro animals. Four of 10 animals in the control 
group id 10 of 10 in the dextrose group were 
ead jic on Day 3. The difference was significant 
p=.00-4). 


DISCUS -i0N: These data indicate that moderate 
elevat 2n of SG prior to and during a period of 
Spinal zord ischemia in NZWĘs is associated with a 
marked / poorer neurologic outcome. This difference 
does n+ appear to be explained by differences in 
osmola~ity, cardiovascular function, or systemic 
acid-base parameters. However, it has peen suggested! 
(thougz there is not uniform agreement’) that the 
advers= effect of an elevated 3G is the result of 
increased lactate production during and/or after the 
period 3; ischemia. The explanation for the seizure- 
like activity which we observed is obscure. 

Gi =n that moderate intraoperative elevation of 
SG is at uncommon, these results may have 
impliczzions for the anesthetic management of 
patien=s undergoing procedures which entail risk of 
spinal zord ischemia. In particular, it is possible 
that d=xtrose containing intravenous fliuds should be 
administered for specific indications rather than as 
a matt=- of routine. 


REFEREES: 1. Siemkowicz et al., Acta Physiol Scand 
110:223-232, 1980. 

2.Puls-3elli et al., Am J Med 74:540-544, 1983. 

3. Wausi DR, J Pharm Exp Ther 183:577-607, 1972. 

4. Ziv 1 et al., Arch Neurol 339:408-412, 1982. 
el, et al., J Cereb Blood Flow Metab 3:486-492, 






DEXTROSE 
PRE : PRE POST 
DEXTREOE OCCLUSION OCCLUSICN 




















9 -6 93+9 96418 
230-10 226438 283424 
7.464 35 7,484.05 7.474.05 
3 -7 2745 20+6 

8 -9 90+5 9747 
-£ 2+4 645 > 

3 -5 3943 41+4 
137-45 291482 207+70 
289-2 294414 297+16 





aortic dzocclusion. * indicates a significant 
(p<.0&. within group difference (repeated 
measur=s analysis of variance).  # indicates a 
signiffecant between groups difference (unpaired 
t test+. All values are mean + SD 
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Introduction. Because of its unique pharnacck inet = 
and dynanic preperiies among I.V, narcotic agents 
Alfenteni] has been found te be gost suitebie for 
continuous I.V. adi inistration*+?*, However, a 
report of post operative resciretory denressjam 
has suggested the possibility of either « rebound 
increase, in plasme concentration (Cp) cr cumuletivwe 
effects’. In the present siudy, ve have use 
Alfentanil at a fixed dosage and rete of 
administrations both fer induction bolus) ec 
maintenance (Cir fusion) of ceneral anesthesia E 
neurosurgical patients. Two siendard dose reg imers 
vere used and the phe ruacok inetic behavior of the crus 
analyzed, 

Metnads. After approval from our Institutional 
Review Boerds ll patients (ege 1€-66; ASA physical 
stetus I or II); scheduled for cranictory, ge. 
their consent for the study. They were free cf 
renal; hepatic or cardiec disease. Valium (10ua/70ke) 
for prenedicaticon and droperidol (SOuc/kg) jus. 
before induction were given to all patients 
A\fentanil was aqwinistered following two rendomized 
provocels: in grcu I, 2CC ug/kg belus for Inducticn 
and l ug/kg/niin infusion fcr meirtenerces; in grou: 
Ii, i80 ug/kg belus for inducticn and 1.5 uc/ka/uin 
infusion for maintenance ~- the constent rate infusiore 
started during induction: wes stoppec about 1 how 
pricr te the end af surgery. Other aresthetic 
crugs used were: NaC pancurcniums and Isefluranc 
(.252 to .52) whenever necessary, In addition to 
routine clinical cbservation, cardiovascular stabil {tys 
extubation criteria anc recovery scores were clesely 
examined. Alfenteni] arterial plasma samples wers 
taken before end after induction, during the pericd 
of infusions, and up te 6 heurs efter the end of the 
infusion. Alferianil Cps were determined by 
radioinnmunossey. Volumes of distribution at steady 
stete (Vdss}, fitted curves computed for a two 
compartment model, tering) elimination half lives 
(t 1/2 E) and plasma clearances (C1) were detern ined 
for ech patient and for each group of patients. 
The values between the 2 groups were cumpared by 
Student's t test. 

Results. Group I inctuded © patients and Grow 
II 6 patients. Both were comparable in ages weights 
height and clinical status. The mean duration of 
Alfentenil infusion was 202 minutes (SEM:+32 min). 
During the time of infusion (up to 7 hours), thera 
was no evidence of Cp build up over tine in efthe: 
group. Also» Alfentanil Cps were not significantly 
different between groups during the infusion steady 
slate. At the end of the infusion, a bi-exponential 
curve was found te provide a good fit for the drug 
elinination deta in all patients (see fig. 1). The 
calculated pharmacokinetic variebles for boin 
Groups of patients are summarized an Table I. 

In 6 patients out of 1l, no Alfentanit? could be 
detected after 3 hours following the end of infusi 


(ievel cf cetection, lCug/r1). A delayed temporary 
increase in Cp during the eliminaticn phase wes found 
in Z patients (at 16 min ard 60 nin). "End-cf- 
Surgery-te-extebeticn" Line was: 11.5 + 3.2 min. 
Although a1] patients were drowsy in Lhe postoperative 
periods measured clinical respiretory parameters 
(rate, TY, ETCO,) were nora, 

Discussion. The lech of evidence of drug 
eccunutatior during itfusier with either crug 
regimer would vend to neke the dosage used clinically 
acceptable it these patients. Differences in 
pharmacokinetic varieébles between the Z aroupe 
never reached sianificance for this limited nunher 
Of patients. The pharmacokinetic parameters found 
ere comparable to previous reports; nd in spiie of 
relatively large individuel variations, there has 
been no evidence cf delayed elimination following 
the prolonged adninistretion cf Alfentenil. A 
transient Cp increase in 2 patients, within 1 hour 
following the end of infusion, bas been the only 
netes abneimetity. These pharmacokinetic findings 
have been fully supported by the incidental clinical 
findings cf the recevery period. 
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Figure 1 


Time (Minutes) 


11 PATIENTS 
(means + SEM) 


Patients t ' B(min) Vdss(L/kg) C1(m1/kg/min) 
(mean + SD) (mean + SD) (mean + SD) 


Group I 86 min(+ 32) 1.07(+.36) 8.49(+3.91) 
Group II 91min(+41) 1.41(+.63) 11.41(+5.63) 


(No statistically significant differences 
between the 2 groups) 


TABLE I 
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Introduction. Continuous infusion of epidural 
narcotics is an effective means of providing postop- 
erative analgesia.(1-3) While highly lipid-soluble 
narcotics may be unlikely to migrate in cerebrospinal 
fluid (CSF) and cause delayed respiratory depression, 
this same property may limit the extent of analgesia. 
In this study we compared the analgesic efficacy of a 
continuous infusion of sufentanil when administered 
from lumbar or thoracic epidural catheters after 
upper abdominal surgery. 

Methods. This study was approved by our commit- 
tee on human studies, and informed consent was ob- 
tained in each case. Twenty-four patients for abdom- 
inal surgery requiring incisions above the level of 
the tenth thoracic dermatome were studied. On the 
morning of surgery, patients were randomly assigned 
to one of three groups: Group I patients had epidural 
catheters placed at a spinal level at the midpoint of 
the anticipated incision; Group II and Group III pa- 
tients had catheters inserted at the L2/3 or L3/4 
interspace. All patients received an isoflurane 
based anesthetic. One hour prior to the conclusion 
of surgery each patient received an epidural injec- 
tion of 50 ug. of sufentanil diluted in saline to 
10cc. At the conclusion of surgery, an infusion of 
sufentanil was begun: Group I and Group II patients 
received sufentanil 2.5 ug/cc at a rate of 4 cc/hr; 
Group LII patients received sufentanil 1.25 ug/cc at 
8 cc/hr. Patients who complained of pain received an 
epidural bolus of sufentanil 25 ug. in 10 cc., and 
the infusion was increased 25%. If a patient com- 
plained of pain within four hours after these inter- 
ventions, they were removed from the study. Patients 
who were somnolent but comfortable had their infu- 
sions decreased by 25%. Catheters were removed 48 
hours postoperatively, or earlier if the patient was 
transferred, if analgesia was inadequate, or if the 
catheter malfunctioned. Every four hours from 0700 
to 2300 each day a blinded observed asked the pa- 
tient to take a deep breath, and then to assign their 
pain to a numeric score (O=NO PAIN, 10=WORST PAIN.) 
Side effects were recorded. Data were analyzed using 
analysis of variance and Fisher's Exact Test. Data 
are presented as mean + S.D. 

Results. The three groups of eight patients 
were comparable in age (overall, 57 + 17 yrs.), 
height (67 + 4 cm.), and weight (68 +19 kg). The 
mean duration of catheter placement was 33 + 15 
hours in Group I, 29 + 18 hr. in Group II, and 40 + 
13 hr. in Group III. Table I compares the pain 
scores over the course of the study among groups. 

Two patients in Group I, three patients in Group II 
and one patient in Group III were removed from the 
study because of insuffient analgesia. Table II com- 
pares the hourly sufentanil dose among groups: Group 
II patients required more sufentanil and a wider 
range of infusion rates than Group III. This finding 
persisted even after excluding treatment failures. 

No group differences were seen in side effects: Three 
of 24 patients experienced respiratory rates < 10, 
three of 24 complained of pruritus, and one of 24 
complained of nausea during the course of the study. 
Four of 24 were markedly somnolent in the immediate 
postanesthetic period. 


Discussion. Previous investigators using con- 
tinus epidural infusions of fentanyl for postoper- 
ativ= pain relief have used thoracic epidural cath- 
eter to treat pain from upper abdominal incisions 
(1-=>. Our study with sufentanil indicates that 
lumc=r placement can be just as effective as thoracic, 
partecularly when a high volume infusion is used. The 
reasms for this are probably related to the in- 
creased spread of epidurally administered solutions 
in tris older population, possible CSF migration of 
this dose of sufentanil, and central analgesic ef- 
fect= of the epidurally administered drug.(4) 

Conclusion. Acceptable postoperative analgesia 
can =œ obtained for a majority of patients undergoing 
uppe abdominal surgery using an infusion of sufen- 
tan®i 10 to 12 ug/hr. into the thoracic or lumbar 
epictral space. A higher volume infusion from the 
lumt=r epidural space may be more efficacious, since 
voliwe and spread of solution may be an important 
factor with this opiate. 
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T LE 1: COMPARISON OF POSTOPERATIVE FAIN SCORES FOR PATIENTS 


R'EIVING EPIDURAL SUFENTANIL INFUSION. (MEAN + 3.0.) 





HOURS SETER INITIAL SUEENTSANIL BOLUS 


Usa 4212 122 24 24 = 48 
GEQUE L 
Pm M SCORE 342 34 Z 2k 3"n = o) 1 ti ns 3) 
GEOUE LL 
P N SCORE st 2 S23 242 inz g) 2Ł2 (n= 4) 
GeQue LILL 
P N SCORE. 443 4 + 3 34 2 ¢n = 7) Zei ine 7) 
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T LE II: COMPARISON OF HOURLY SUFENTANIL COSE REQUIREMENTS 


C'ALL PATIENTS AND OF PATIENTS WHO RECEIVED ADEQUATE 
| 


Fe=LSESIA WITH THE CONTINUOUS EPIDURAL INFUSION.<MEAN + E.D.) 
a G e G e 


ALL PATIENTS PATIENTS WITH 
ADEQUATE ANALGESIA 


# OF PATIENTS UGZHE 8 DE PAILENIS UGER 


G uP 1 8 12 4 3 á 1123 
Gr uP Ti 8 l4 t+ 3 2 5 13 2 2 «# 
Gz we III 8 11 4 2 7 10 2 1 


>» = SIGNIFICANT DIFFERENCE FROM GROUP III, p < 0.04 
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Introduction. The augmentation of cancer pain 
control by epidural narcotics has been well 
established. Coombs(1l) and others(2) have described 
drug tolerance, where we have suggested increasing 
nociceptive stimulation and a maximum epidural 
narcotic analgesia effect as limiting factors in 
achieving total pain control(3). When nerve root 
and bone pain overcome the analgesic effects of 
epidural narcotics, and neurosurgical or nerve 
ablative procedures are ineffective, can we consider 
using infusion of local anesthetic agents at home? 
Are the risks of such procedures outweighed by the 
benefits, and is such a technique ethical? 

We will present a number of patients who have been 
managed at home on constant infusions of morphine 
and local anesthetic agents, and will discuss the 
legal problems, logistical problems, and patient 
family acceptance. 


Methods, Eight patients with permanently 
implanted silicone-rubber epidural catheters, 
(modified Broviac catheters) achieved pain relief 
with epidural narcotics until nociceptive stimulation 
from bone or nerve pain required added analgesia. 
These patients were treated with constant epidural 
infusion of morphine and bupivacaine. The dose was 
calculated using the last successful twenty-four 
hour dose of epidural morphine divided into hourly 
doses with 0.125% bupivacaine and 1:400,000 
epinephrine, infused at 6 ml per hour. The morphine 
and bupivacaine concentrations were adjusted 
according to pain complaints, where the volume was 
dictated by the required dermatome spread obtained 
from epidurograms(3). Constant infusion was 
obtained using a small Pharmacia programmable pump 
or the larger Autosyringe 5C pump. Family members 
and visiting nurses were instructed in drug 
preparation and pump use. 


Results. Out of ore-hundred and five patients 
treated for intractable cancer pain with epidural 
narcotic analgesia through permanent epidural 
catheters, eight received local anesthesic infusions 
(six at home). Infusion concentrations of 
bupivacaine varied from (.125% to 0.5% and morphine 


doses from 6 to 15 mg per hour. In no cases was 
sedation a problem and the somatic and 

sympathetic blockade did not result in any 
Significant changes. In three cases patients were 
able to ambulate to the extent of walking around the 
room, however in most cases their terminal state 
dictated bedrest. There was no 24-hour nursing 
support nor vital sign monitoring by family members. 


Discussion. When epidural narcotic analgesia 
is nolonger effective in controlling bone and nerve 
root pain, the addition of local anesthetic 
analgesia is an effective means of controlling pain. 
This route of administration, when used chronically 
at low concentrations, may be administrated at home 
without the usual requirement for monitoring. 

In some states nurses are legally restricted from 
injecting local anesthetic agents into the epidural 
Space, this requires instructing family members in 
these techniques. Instruction, supplies, and 
equipment are provided by our nutritional support 
service. 

None of the six home-care patients experienced any 
complications with the technique, and all but two 
died quietly at home from tumor-related complications. 
Two patients were admitted for terminal care at the 
families request. 

Therefore, this technique should be considered for 
both hospitalized and home-care of the terminal 
patient who no longer achieves the desired pain 
relief from epidural narcotic analgesia alone. 
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Introduction. The noninvasive evaluation of hemody- 
namic status is now possible with doppler ultrasound (DUS) 
using either transcutaneous (suprasternal) or esophageal 
probes linked with a microcomputer. Cardiac output deter- 
minations with this technique have been shown to correlate 
closely with those obtained by thermodilution (TD) in medi- 
cal and surgical patients (1,2). Application of this method 
is limited to patients free of valvular heart disease and 
arrhythmias. It does, however, provide a continuous meas- 
urement of several hemodynamic parameters and avoids the 
complications associated with invasive monitoring. In addi- 
tion to cardiac output, blood flow acceleration can be easily 
obtained with a microcomputer. Previous studies in dogs 
instrumented with electromagnetic flow probes suggested 
that maximal blood flow acceleration (Max-Acc) may bea 
sensitive index of myocardial contractility. The present 
study was designed to examine the relationship between con- 
tractility measured directly in situ to Max-Acc as deter- 
mined by DUS. 


Methods. Pigs weighing 40-50 pounds were anesthe- 
tized with pentothal 20 mg/kg, intubated and maintained on 
halothane, oxygen, and pavulon. End tidal halothane concen- 
trations were maintained at 14.1% with a Perkins-Elmer 
mass spectrometer and an Ohio vaporizer. Ventilation was 
set to maintain PCO? at 40£2 mmHg. An 8.5 Fr introducer 
was placed in the right internal jugular vein and a 7 Fr Gould 
thermodilution catheter was passed into the pulmonary ar- 
tery. A 20 g teflon catheter was placed in the right carotid 
artery for measurement of arterial pressure. The heart was 
exposed by a left thoracotomy. A 20g teflon catheter was 
placed into the left ventricle at the apex for measurement 
of left ventricular pressure. A Walton-Brody strain gauge 
was sewn onto the left ventricle for measurement of tension 
development. The first derivatives of ventricular pressure 
(dP/dt) and tension (dT/dt) development were obtained elec- 
tronically. A L-3000 cardiac output monitor with research 
software (Lawrence Medical Systems, Seattle, WA) was used 
to measure cardiac output and Max-Acc. This unit uses 
microprocessors to analyze the ultrasonic doppler shift fre- 
quencies from the esophageal probe to compute cardiac out- 
put and Max-Acc as the average of 6 consecutive cardiac 
cycles. The data from 8-12 serial determinations was aver- 
aged to determine each DUS data point shown. The unit was 
initially calibrated in each experiment to the mean of five 
TD cardiac output determinations. After control values 
were obtained, dopamine was titrated to increase dP/dt 
approximately 25, 50 and 75%. Each time dP/dt stabilized, 
hemodynamic measurements were repeated. Values are ex- 
pressed as a percent of change from control. Correlation 
coefficients were obtained by a linear regression analysis. 


Results. Cardiac index determinations were similar by 
the two methods (figure 1). Cardiac index (TD) increased 
from 4.6 + .32 L/min/sq M to 6.46 + .3 L/min/sq M in re- 
sponse to dopamine 7-20 pg/kg/min. Max-Acc, dP/dt and 
dT/dt all increased in response to dopamine. Max-Acc in- 
creased from a control value of 1.77 + .2 m/sec? to 2.65 + 
.27 m/sec. There was a positive correlation between 
changes in Max-Acc and dP/dt (.848; figure 2) and Max-Acc 
and dT/dt (.768; data not shown). 


Discussion. The close correlation of Max-Acc with 
directly measured indices of myocardial contractility re- 
ported here provides evidence that this noninvasively- 


derived parameter may be very useful in monitoring for 
myocardial failure during anesthesia. The transesophageal 
DUS xethod not only avoids the complications of invasive 
moniscring, but provides a measure of contractility not sup- 
plied xy a pulmonary artery catheter. Prior to this, left ven- 
tricuEr function could only be estimated utilizing pulmonary 
arter occlusion pressure and cardiac outputs to derive para- 
metez. of ventricular work. These had to be plotted against 
an inc :x of filling pressure and repeated frequently to follow 
trend This approach may be circumvented in the future by 
continaous monitoring of Max-Acc by DUS. However, fur- 
ther s7udies are required to determine the usefulness of fol- 
lowin= Max-Acc as an index myocardial function and the 
accur=cy of this parameter in the presence of different 
anest-=~ic agents and pathophysiological states. 
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5 Fig.1 Cardiac Index by TO and DUS 
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Introduction. In order to prevent fetal depres- 
sion, analgesics which have minimal maternal-fetal 
transfer are to be preferred for administration dur- 
ing labor. This study compares maternal-fetal trans- 
fer of meperidine, a commonly used labor analgesic 
with that of alfentanil, a newly developed agent not 
yet in use in obstetric practice. Meperidine is a 
phenylpiperidine analgesic with potenty one-tenth 
that of morphine; alfentanil is a related synthetic 
opioid with potency ten times that of morphine. In 
addition to a higher potency, alfentanil is more 
highly protein bound than meperidine (92% vs 60%) and 


has a more rapid onset and briefer duration of action. 


These characteristics would be anticipated to reduce 
placental transfer of alfentanil. 


Methods. Labor was induced in nine conscious, 
chair restrained rhesus monkeys with oxytocin. The 
animals were monitored for heart rate, blood pres- 
sure, respiratory rate and contractions throughout 
labor. Progress of labor was observed via vaginal 
exam and when membranes entered the cervical canal 
they were ruptured. At this time drug was adminis- 
tered and labor was followed to vaginal delivery. 
Four animals received 2 mg/kg meperidine via intra- 
venous catheter as a bolus injection. Five monkeys 
received alfentanil at a total dose of 0.1 mg/kg as 
an intravenous infusion over a one hour period. Two- 
three ml blood samples were drawn from dam and neo- 
nate at 0, 2, 12 and 24 hours post-delivery (the 


neonatal 0 time point sample was drawn from the cord). 


Blood samples were immediately centrifuged and frozen 
for subsequent analysis. Meperidine was analyzed by 
gas chromatography/mass spectrometry (1) and alfen- 
tanil by radioimmunoassay using antibody provided by 
the manufacturer (Jansser. Pharmaceutica). 


Results. Drug to delivery intervals ranged 
from 1.9 to 2.7 hours for meperidine and 1.8 to 3.7 
hours for alfentanil. Fetal-maternal ratios averaged 


-47 + .01 (mean + SEM) at birth for meperidine and 
-26 + .03 for alfentanil (t = 5.63, p < .01). 
Maternal plasma alfentanil concentrations decreased 
more rapidly in the postpartum period than did those 
of meperidine; maternal plasma levels had decreased 
an average of 79 + 5% for alfentanil versus 48 + 2% 
for meperidine at the two hour time point. Similarly, 
all 5 alfentanil treated fetuses had > 90% decrease 
in plasma levels from birth to two hours, while two 
of the four meperidine fetuses showed a > 90% de- 
crease with the other two showing decreases of 43 and 
25%. 


Discussion. Plasma concentrations of alfentanil 
measured after birth suggest that this opiate anal- 
gesic is transferred less readily to the fetus dur- 
ing labor in the nonhuman primate than is the common- 
ly used analgesic meperidine. This finding is in 
agreement with earlier studies of maternal-fetal 
distribution of opiate analgesics in the near-term 
rhesus monkey (2). The relative analgesic effective- 
ness of the two drugs was not determined in this 
experiment. However, the data suggest that pharma- 
cokinetic considerations may eventually be of value 
in selecting safer and more effective analgesics for 
use during labor. 
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Introduction. Women in labor with lumbar 
epidural analgesia often complain of sacral 
pain which is difficult to alleviate. Double 
catheter techniques have been described by 
Cleland (1) and others which are useful with 
perineal pain during the second stage of labor; 
these might alleviate refractory sacral pain, 
but would carry increased risk of dural puncture. 
intravascular injection, and local infection. 
Lumbar epidural with caudal direction of the 
catheter and non-selective (T10 - S5) block is 
practiced in many centers (2). Because of the 
frequency of complaints of sacral or rectal 
discomfort, we undertook a prospective study 
to determine the effect of direction of catheter 
insertion on sacral pain. 


Methods. With approval ty the Committee on 
Conduct of Human Research, 102 women were 
enrolled in the study. Using standard techniques, 
a 17 gauge Weiss needle was introduced into the 
epidural space at the L2-3 or L3-4 interspace, 
and a catheter was inserted 3 cm. The choice 
of rostral or caudal bevel orientation of the 
needle was left up to the individual placing the 
block. Analgesia was maintained in both groups 
with 0.25 - 0.375% bupivacaine. either by bolus 
or infusion. Five ml. top-up doses were provided 
in each group as needed. The women were 
questioned regarding sacral pain, and after 
parturition were asked to characterize the 
quality of the block. Statistical analysis was 
done using the chi-squared test, and p < 0.05 was 
considered significant. 


Results. In all patients analgesia was obtained. 
An "exceJlent" block was obtained in 84% of the 
group with caudally directed catheters but only 
51% of the group with rostrally directed 
catheters. (p < 0.01). Factors such as one-sided 
block, sacral pain, and missed segment, typically 
were cited by the woman in her decision to 





dowmerade the quality of analgesia. No difference 
in irzidence of one-sided blocks was seen. During 
the first stage of labor, sacral pain which was 
refr=tory to top-up doses was less common in the 
group with caudally directed catheters (p < 0.01). 
Durizz the second stage of labor, sacral pain was 
alsc l2ss common but there was no statistical 
difference. 


Discussion. 1) A single caudally directed 
catteter is useful in decreasing the incidence of 
sacreal discomfort during che first stage of labor. 
2) It may also reduce the incidence of sacral 
discemfort during the second stage of labor. 3) It 
is rated by women labor as giving better quality 
paic relief. 
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Tebe 
DIRECTION OF CATHETER INSERTION 
ROSTRAD (N=45) _CAUDAD (N=57) 
Qua_-_ty of analgesia 


None 0% 0% 
Inadequate 9% 4% 
. Adequate 40% 127% 
Excellent 51% 84% * 
One-sided block 4% 2% 
Sac-al pain first stage 27% 5% * 
Sacral pain second stage 20% 9% ** 


* > © 0.01. caudad vs. rosctrad 
**k © (p = 0.10), caudad vs. rostrad 
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Introduction. Massive blood loss is a signifi- 
cant determinant of operative mortality during liver 
transplantation (1). Consequent massive transfusion 
is poorly tolerated by liver transplant recipients 
(2). The purpose of this report is to describe new 
transfusion technology to better manage blood loss 
during liver transplantation. 


Methods. 45 adult and pediatric liver trans- 
plant recipients are the subjects of this report (14 
adults, 40 + 2 yrs, 61+ 6 kg; 31 children 50 + 6 
months, 17+ 3 kg). Indications for transplantation 
are listed in Table 1. Venous access was by 
percutaneous placement (right internal jugular vein) 
of a right atrial infusion line (children, 2.0 mm 
ID Hickman® catheter; adults, #18 French Bardic® 
cannula.) Monitoring included: a) arterial and 
pulmonary artery pressures b) urine output, c} 
temperature, d) ET C02, e) arterial and venous blood 
gases, Nat, Kt, ionized Cat, glucose every 30 
minutes, e) Hct, Hgb, platelet count, fibrinogen, 
PT, PTT, and TT every hour, f) cardiac output (C0), 
pulmonary artery wedge pressure (PAWP), right atrial 
pressure (RAP) and standard derived parameters. 
Fluids included: a) infusion of D5W (20 + 5 
mg/kg/nr of glucose), b) platelet concentrate, > 4 
ml/kg/hr and cryoprecipitate, > 2 ml/kg/hr; to 
maintain a platelet count > 250,000 and fibrinogen 
0.4 gms/di. c) replacement of blood loss with PRBC 
washed in saline and resuspended in FFP and Plasma- 
lyte® to yield a Hct of 30 + 2%. This "reprocessed 
blood" was filtered and placed in Harvey 1700® 
oxygenator reservoir for reoxygenation and rewarming 
to 37° C. Table 2 displays the effects of process- 
ing on the final composition of the blood infusate. 
The “reprocessed blood" was infused in aliquots, at 
rates which varied from 5 to 3,000 ml/min to 
maintain CO, PAWP, RAP at post-induction values and 
at hematocrit of 30%.  Diuresis was induced to 
achieve serum K+ at <3 meq/g). CaClo was adminis- 
tered to maintain ionized Cat at 1 + 0.2 mM/1. 


Results. Table 3 depicts C0, pH, urine output, 
Hct, temperature, Kt values immediately following 
induction, at peak infusion rate (during liver 
flush) and immediately prior to abdominal closure. 
Table 2 depicts blood ioss and infusion rates, 
extent of exchange transfusion, amount of blood 
component and crystalloid infusion. Perioperative 
mortality was 7% and 6% în adults and children, 
respectively. Perioperative mortality prior to the 
date of this technology was 61% (3). 


Discussion. Large volume replacement at rapid 
rates during Tiver homotransplantation can be accom- 
plished effectively with the technology described 
herein. Our data show that tissue perfusion, temp- 
erature, K, Hb, and pH can be maintained stable 
throughout this procedure. Perioperative mortality 
in this series is close to 19 fold lower than can be 
expected in similar patients (Results) managed with 
conventional techniques. This technology provides 
more effective prevention of hypovolemia, hypother- 
mia`and hyperkalemia. 
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Table 1 
Indication for Liver Transplantation 


E.H.B.A. 17 Hepatitis 5 


P.B.C. 6 Scleros. Chol. 3 
a-1 ATD 5 Wilson's 2 
Other 7 


— nue Č 


Table 2 
Effects of Processing’ on CPDA-1, Packed Red Cells 
AFTER 
RESUSPENSION, 
BEFORE AFTER REWARMING, AND 
WASHING . WASHING REOXYGENATION 
Het(s) 7641 60 + If 35 + 1t 
PH iwit) 6.69 + 0.1 6.74 + 0.2} 68 + 03t 
PO2 (tor) 2042 23 + 2t 361 + 31t 
KCO imen 14 + 1 § +t 3+ 3t 
Kttmeqn 5244 8+1t 40+ 3t 
Temp.cec) 22°C 22°C SPC 
* Processing is saline washing, resuspension in FFP and Plasmalyte® i 


fewarming and reoxygenation. 
$ p < 01 Significantly diferent from before washing 


Table 3 


Hematocrit 30 +1 30 +1 
(%) 
Temperature 36 + .2 
(°C) 
Cardiac Output 64+ 7 47+ 5 66 + 08 
(L/min) 
tee 7.42 + 0.017 | 738 + 0.016 | 7.47 + 0.016 
Kt 27 + .12" 29 + .13° 
{mEq/L) 


Urine Output 15.42 
(total) 
(mi/kg/hr) 
Urine Output 210 + 36 
(Anhspatic 
phase) 


Post Induction Peak infusion Abdominal 
Closure 
Significantly different from post Induction (paired t-test) p < 01 
Humoral, hamstogical, acxi-base and perfusion parameters during liver transplan- 
tation following induction, at peak Infusion rate and at the end of surgery. 
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Introduction. A model of canine regional 
myocardial ischemia (1) showed that halothane (H) 
decreases infarct size by 35%. This finding 
Suggests some beneficial effect of H on stunned 
ischemic myocardial cells which fosters their 
recovery. If this effect results from an H- 
mediated increase in collateral coronary flow, it 
should not occur in a model of global myocardial 
ischemia without coronary collateral flow. This 
Study tests that hypothesis. 


Methods. Dogs anesthetized with a-Choloralose 
(AC) and gallamine were randomly assigned to one 
of two groups. Group I received additional AC, 
10 mg/Kg q 30 min; Group II received 1.5 + .2% H 
Oo, H concentration being varied to maintain a 
mean aortic pressue (MAP) of Group II animals 
equal to that of Group I. Both groups then 
underwent normothermic total cardiopulmonary by- 
pass (TCPBP) (flow 120 + 20 ml/kg, Hct 30 + 5%). 
After 30 minutes on cardiopulmonary bypass, both 
groups were subjected to reversible (REV, n=6) and 
irreversible (IRRV, n=6) global ischemia (2) by 
cross-clamping the aorta for 20 or 60 minutes 
respectively, followed by one hour of reperfusion. 
Before, at the end of ischemia, and 10 and 20 
minutes after reperfusion left ventricular myocar- 
dial biopsies were obtained for electron micro- 
scopy (EM) and for myocardial adenosine triphos- 
phate (ATP) and creatinphosphate (CP) measurements 
(Lamprechts W. 1974); venous blood was also col- 
lected simultaneously from the venous limb of the 
oxygenator and the right ventricle for determina- 
tion of total creatinphosphokinase (CPK) and CPK- 
MB isoenzymes (Yasmihneh, WG, 1985). Heart rate 
(HR), MAP, right atrial pressure (RAP), arterial 
blood gases (ABG) and temperature (T) were noted 
at each sampling time. 
sure (CPP), and rate pressure product (RPP) were 
also recorded. Statistical comparisons of the 
data were made using paired or unpaired t-tests as 
indicated. 


Results. For all dogs control CPP, RPP and 
PaQo were 59 + 11 mmHg, 7529 + 437 and 432 + 41 
mmHg respectively. There were no significant 
differences in CPP, RPP, and ?a02 during ischemia 
and reperfusion between Group I and II. EM 
changes of IRRV ischemic dogS were more severe 
than those of REV ischemia; exposure to H did not 
cause ultrastructural differances. CPK-MB band 
isoenzyme levels (Fig. 1) (expressed as % of 
total CPK) show no changes in REV ischemia in 
Group I or II. In contrast the 10 and 20 min 
reperfusion CPK-MB release in IRRV ischemic dogs 
was significantly attenuated in the presence of H 
tp < .01). ATP values for IRRV ischemia declined 
Fig 2), a trend to a lesser, but not significant, 
fall in ATP was only observed in IRRV Group II 
dogs {H}. There was no attenuation of CP decline 
for REV and IRRV ischemic dogs treated with H. 


Discussion. This data shows that H is capa- 
ble of exerting a residual. protective effect on 
ischemic myocardium (lesser enzyme release and a 


Coronary perfusion pres- 


S51 


trend to conserve ATP) even when coronary collateral 
flow is not present. This residual beneficial effect 


of H mēy be explained by a direct cellular effect. 
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Introduction, Laudanosine, at plasma concen- 


trations of up to 800 ng/ml, increases the minimum 
alveolar concentration (MAC) of halothane in rabbits 
by as much as 30% (1). Nitrous oxide, commonly 
combined with halothane to provide surgical 
anesthesia, may cause central nervous system (CNS) 
stimulation (2). In this study, we determined the 
combined effects of nitrous oxide and laudanosine on 
the MAC of halothane in rabbits. 


Methods. Six non-fasting, unpremedicated New 
Zealand white rabbits were studied. Anesthesia was 
induced with halothane and oxygen via a mask, and 
tracheostomy was performed. Anesthesia was main- 
tained with 1.0% inspired halothane in oxygen and 
ventilation was controlled to maintain P CO. at 35- 
40 mm Hg. Temperature was maintained with surface 
warming at 39°C. Carotid artery cannulation was 
done for blood pressure measurement and for sampling 
blood; an ear vein was cannulated for laudanosine 
administration. A unilateral fronto-occipital 
electroencephalogram (EEG) was obtained using subcu- 
Caneous needle electrodes, In all rabbits, the MAC 
of halothane was determined in duplicate during 
administration of 70% nitrous oxide (3).  End-tidal 
halothane concentrations were measured using a Beck- 
man LB-2 infrared analyzer. Laudanosine was then 
infused in all rabbits iv to consecutively reach 3 
steady-state plasma concentrations of 200(1), 
400(IL) and 800(IIL) ng/ml by an infusion technique 
previously described (1). Blood samples were also 
obtained to confirm steady-state plasma laudanosine 
concentrations using a liquid chromatography 
analysis. Each steady-state plasma laudanosine 
level was maintained for at least 30 min and the MAC 
of halothane again determined in the presence of 70% 
nitrous oxide. Values for MAC of halothane of each 
of these steady-state plasma concentrations of lau- 
danosine was compared to control by repeated meas- 
ures analysis of variance and Dunnett’s test (P 
0.05). Results were also compared by t-test with a 
similar study done without nitrous oxide (1). 


Results. The MAC of halothane increased in all 
tabbits above control values with infusion of lau- 
danosine (Table l). The mean percent (+ SD) 
increases from control were 31 + 11, 32 + 18 and 43 
+ l6% at 200, 400 and 809 ng/ml of laudanosine, 
respectively. However, these three values did not 
differ from each other. The results from a similar 
Study without nitrous oxide were 8 + 8, 22 + 12 and 
29 + 19, respectively (1). Statistical comparison 
between che two studies showea a significant diftter- 
ence during the 200 ng/ml steady-state laudanosine 
infusion but not at 400 and 800 ng/ml. 


Plasma laudanosine determinations confirmed steady- 
state with close approximation to the expected con- 
centrations of 193 + 22, 443 + 72 and 847 + 67 
ng/ml. p z 


Discussion. This study suggests that nitrous 
oxide further increases the anesthetic requirement 
of halothane produced by laudanosine in rabbits, 
particularly at low plasma concentrations of lau- 
danosine. Similar concentrations in the 100-200 
ng/ml range for laudanosine have been measured in 
surgical patients after a single 0.5 mg/kg iv bolus 
of atracurium (3). Thus, use of nitrous oxide in 
patients receiving atracurium enhances laudanosine’s 
potential to produce CNS stimulation. Our results 
point to the need for clinical studies of anesthetic 
requirement in surgical patients and also for 
further animal studies to determine the mechanisn 
for the nitrous oxide and laudanosine interaction in 
augmenting the halothane MAC. 
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TABLE 1: MAC Values with Laudanosine* 
Control I II IIL 
0.67 0.98 (48) 1.04(57) 1.10(66) 
0.91 1.10¢20) 1.13¢€24) L.17(28) 
0.70 0.85(22) 0.87(24) 0.87(24) 
0.76 0.96(27) 1.05(40) l.17(55) 
0.93 1.26(36) 1.28(38) 1.31¢€41L) 
0.74 0.99(34) 0.99(34) 1.04(41) 
Mean % 31 32 43 

a Fe, 
k = values are end—tidai concentratious vË 
halothane with % increase over control in 
parentheses 


ABSTRACTS 


* ANESTH ANALG S53 


1987;66:51-S191 


Title: A DOUBLE-BLIND COMPARISON OF OXYMORPHONE AND FENTANYL A=, SUPPLEMENTS TO NITROUS OXIDE ANESTHESIA 
Authors: N.R. Fahmy, M.D., M.R. Bottros, M.D., J. Charchafliek'H.D., N. Sunder, M.D., D.B. Carr, M.D. 


Affiliation: Anesthesia Services at Massachusetts General Hospastal, and the Department of Anaesthesia, 


Harvard Medical School, Boston, MA 02114 


INTRODUCTION: Oxymorphone (Numorphan) is a 
semisynthetic opioid analgesic, which is about ten 
times as potent as morphine. Oxymorphone has seen 


limited use in anesthesia. Its effects on 
hemodynamics, and plasma histamine and 
immunoreactive beta endorphin levels have not been 
previously reported. We compared, in a 
double-blind study, these effects of oxymorphone 
with those of fentanyl during nitrous 
oxide-relaxant (balanced) anesthesia. 

METHODS: Twenty consenting adult patients, 


scheduled for major orthopedic procedures, were 
randomly assigned to receive either oxymorphone 
(0.1mg/kg) or fentanyl (0.01mg/kg). The study was 
approved by the Human Studies Committee. The 
opioids were dispensed in identical syringes; each 
nl contained either 0.5mg of oxymorphone or 0.05mg 
of fentanyl. Oral diazepam (0.1mg/kg) was given 1 
hour before anesthetic induction. The patients 
breathed oxygen via a face mask while intravascular 
catheters were inserted under local anesthesia. 
Pancuronium (0.02mg/kg) was administered to prevent 
rigidity. Following control hemodynamic 
measurements and arterial blood sampling, each 
patient received a rapid intravenous injection of 
O.2ml/kg of opioid solution. Measurements and 
blood samples were obtained 2, 5, 30 and 60 minutes 
from start of injection. The patients were 
encouraged to breathe and report any subjective 
changes. After completion of the 5-minute 
measurement, anesthesia was induced with thiopental 
(4ng/kg) and endotracheal intubation facilitated 
with succinyleholine (1mg/kg). Anesthesia was 
Maintained with N,0:0 (3:2 L/min) and curare 
(O.4mg/keg). Ventilation was controlled 
mechanically. Additional increments of the study 
opioid were administered whenever systolic blood 
pressure and/or heart rate increased to greater 
than 15% over preanesthetic (control) values. 
Thiopental (0.5 - img/kg) was given if the opioid 
drug failed to control these responses. Additional 
curare was given as judged by the response to 
peripheral nerve stimulation. Muscle relaxation 
was reversed with atropine (0.8 - 1.2mg) and 
neostigmine (2.5 - 5mg). Recovery times from 
discontinuation of N,0 to opening eyes on command, 
and to orientation to place and date were recorded. 
Hemodynamic measurements included cardiac output, 
(dye dilution), heart rate (ECG), and transduced 


intravascular pressures. Plasma histamine 
(control, 2 and 5 min) was measured by a 
radioenzymatic method and immunoreactive 


beta-endorphin (control, 30 and 60 min) by 
radioimmuno-assay. 


RESULTS: The demographic data and baseline 
measurements were comparable in both Groups. 


Neither drug altered hemodynamic variables or 
plasma histamine level after 2 and 5 min (Table). 
General anesthesia (30 and €0 min: no surgery) was 
associated with a reduction (P < 0.05) in 
hemodynamic variables in both groups; systemic 
vascular resistance did not change. 


B :@ endorphin levels were not changed with 
f- atanyl, but decreased (P< 0.05) from 49.2+ 
1t 3g/ml (control) to 35.9 + 9.7 and 34.6 + 
1 pg/ml, 30 and 60 min, respectively, after 
o-orphone. Duration of anesthesia (359 + 43 min 
f -- oxymorphone; 370 + 64 min for fentanyl) and 
r :overy times were not different in both groups. 
M an total dose requirements were 0.149 + 0.007 
make (10.65 + 0.53 mg per patient) for 
o>morphone and 0.02 + 0.002 mg/kg. (1.59 + 0.14 
m= per patient) for fentanyl. Incremental doses 
w `e required at approximately similar intervals. 





CONTROL p 2 MIN p 5 MIN 

O/F O/F 0/F 
C. *ciae 6.24/6.23 6.55/6.56 6.61/6.95 
O= put +0.4/+0.5 +0 .5/+0.6 4+0.5/4+0.5 
M ar Art. 97/98 95/93 96/93 
P assure +4/+3 +3/+4 +ł4/+4 
H- art TT/T4 76/72 77/76 
R. ie +6/45 45/45 45/45 
S-3t. Vas. 1243/1137 1153/1002 1171/975 
R sist. +100/+128 +104/+76 +140/+63 
H- stamine 311.7/303 195.6/198.6 211/140 
(-.:/ml) +118/4+124 +33.1/+33 +ł2/+16 


Ve..ceS are mean + SE.O=Oxymorphone; F=Fentenyl 


Do~CUSSTON: This double-blind study demonstrates 


tL.t oxynorphone is a useful analgesic adjuvant to 
N_w-relaxant anesthesia. Like fentanyl, it is 
a-ceiated with stable hemodynamics and no 
ho itamine release. In these aspects, oxymorphone 
d- “fers from morphine. The surgical procedures 
we Similar in both groups, i.e. a similar 
i= .raoperative "stimulus." Dose requirements (per 
k, for comparable durations of anesthesia were 
seen and a half times more for oxymorphone {0.149 
v. 0.02 mg/kg). This would be expected from their 
p ‘encies relative to morphine. 


Henodynamic responses to laryngoscopy and 
ic -ubation were suppressed by both drugs; 
reponses to surgical incision were miniral. 
Pr.stoperative nausea, vomiting and respiratory 
demression were similar. 


Decreased beta-endorphin level With 





o-~morphone is interesting and deserves further — 


sT.dy. 


In summary, oxymorphone is an effective 


of-cid analgesic supplement to nitrous oxide , 


am sthesia, is associated with stable hemodynamics 
am no release of histanine. Its pharmacokinetic 
pmwfile and use in high doses need to be 


e=zmined. a 
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Introduction. Nalbuphine hydrochloride is a 
semi-synthetic agonist-antagonist opioid analgesic 
with a low potential to induce respiratory 
depression (1,2). Its analgesic potency has been 
reported as 0.5-0.9 that of morphine (3,4) and it 
has been used with some success in the management 
of pain after a variety of surgical procedures 
(3,4,). We report here & comparative study of 
the analgesic and sedative effects of nalbuphine 
and morphine in patients undergoing hip 
operations. 

Method. Eighty patients scheduled for hip 
replacement, conforming to ASA grades 1 or 2 and 
not receiving opioid, sedative or anti-depressant 
therapy were studied. After informed consent, and 
following approval by the local Medical Ethical 
Research Committee, each received either 
nalbuphine (0.3 mg/kg) or morphine (0.15 mg/kg) by 
random allocation on a double-blind basis. One 
hour prior to operation each patient received 
premedication with 0.03 ml/kg I.M. of the coded 
drug. Anesthesia was standardized and consisted 
of thiopentone, pancuronium, isoflurane, and 
nitrous oxide (33%) in oxygen. Intraoperative 
opioids were not given. Arterial blood pressure, 
heart rate, and E.K.G. were monitored continuously 
throughout. Immediately postoperatively the 
residual analgesic effect was assessed by a 
trained nurse observer. fs soon as a patient 
expressed a need for analgesia a second dose of 
the same coded drug was administered by the 
observer and additional assessments made at 30 
minute intervals for two hours and at hourly 
intervals thereafter up to six hours. If 
analgesia proved unsatisfactory after the second 
injection, a third dose of coded drug could be 
given after a minimum of three hours. Inadequate 
pain relief within three kours of either 
postoperative injection wes deemed "failed 
analgesia" and patients were given morphine 
intravenously to provide effective analgesia. 

Pain intensity was assessed by the patient as nil, 
moderate, or severe. Pain relief was assessed by 
the nurse observer and graded as slight, 
moderate, or complete. 

Results. There were no significant differences in 
patients' age or weight but significantly more 
females received morphine than nalbuphine (0.05 
Fisher's Exact Test). Of the 80 patients studied, 
six of those receiving nalbuphine and eight of 
those receiving morphine requested no further 
analgesia during the study period. In contrast, 
analgesia "failed" in 10 of those who received 
nalbuphine compared with only two in the morphine 
group (P<0.05 Fisher's Exect Probability Test) 
(table 1). Table 2 shows that morphine reduced 
severe pain to a greater extent than nalbuphine at 
60, 120, and 180 minutes (P<0.05 Mann-Whitney U 
test). Pain relief showed a similar trend in 
favour of morphine but the difference failed to 
reach significance at the 5% level. 


Table 1. Number of patients in each group (n=40) 


requiring analgesia by the stated method. 


a e ee 





nil pestoperative IM IV 

1 2 
morphine 8 RR 8 2 
_nalbuphine 6 20 4 10 


i e 


Table 2. Number of patients in the two treatment 
groups with intensity of pain graded at the times 
indicated .(nalbuphine-N, n=34; morphine-M, n=32) 
(severe ++, moderate +, nil -) 


e 


minutes 0 60 120 180 





EF 34 32 16; E WD «& 14 5 
+ O 60 14 24 12. 15 t4 15 


- O 0 4 3 7 13 6 12 


SS Pe a. 


Discussion. In this study of the analgesic 
effects of intermittent intramuscular nalbuphine 
and morphine, 78% of the eighty patients studied 
obtained moderate or complete pain relief after one 
hour. Morphine was 90% effective compared with 65% 
with nalbuphine. The quality of pain relief 
improved between one and two hours in the case of 
morphine so that after two hours 60% of patients 
had complete relief of pain. In contrast, only 
38% of those who were given nalbuphine had 
complete pain relief two hours after 
administration. Despite allowing for a potency of 
only half that of morphine, we found that 
nalbuphine was significantly less successful than 
morphine in alleviating postoperative pain in this 
type of surgery. 
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INTRODUCTION: Hemorrhage, a major complication of 
cardiac surgery, has led to the development of 
autotransfusion apparatus (AA) for re-infusion of 
mediastinal shed blood (MSB) in an attempt to 
reduce the amount and risks of exogenous blood 
use. To evaluate concerns as to the qual tee Os the 
MSB ani its ability to reduce blood use’’*, we 
examined ease of use, technical problems, 
effectiveness, character of scavenged blood, and 
coagulation abnormalities associated with the use 
of the original Sorensen (S) ami the more recently 
designed AA (Davol, Da; Deknatel, De) devices. 


METHODS: With institutional approval and informed 
consent, 50 patients were studied after uneventful 
aortocoronary bypass using a membrane oxygenator, 


and a cell saver apparatus (Haemonetics). There . 


were 11 controls (C) and 39 study (S) patients; 25 
with De, 5 Da, 9 with the S~-AA. The AA was 
connected in the OR just before transfer to the 
ICU. Samples were drawn: preoperatively, in the 
ICU on arrival, and 4 hours later both from the 
patient and chest tubing; and on postop days l, 3 
and 6. Studied were: ease of use, hemoglobin 
( Hgb), hematocrit (Hct), platelets (Plt); 
fibrinogen (FIB), fibrin split products (FSP); 
plasma free Hgb (PFH); red cell distribution width 
(RDW); prothrombin time (PT); partial 
thromboplastin time (PTT); bleeding volumes (BV); 
transfused volume (TV) of autologous am bank 
blood; and blood smears from patients, tubes and 
AA. 


RESULTS: I. De and Da were simpler to use and 
more readily accepted than the older S-AA. II. BV 
in both study and control groups (Table 1) was 
similar at 4 (S 3474251 vs. C 160+160) and 24 hours 
(S 854t492 vs. C 6034284). Total use of blood 
Products was also similar T7 (S 2.1+2.2 ami C 
1,541.1). BV was > 700 ml at 4 hours in only 4 of 
the 50 patients (sub-group b). III. TV in sub- 
group b, 4.3+2.6 units was > than measured BV 
(15814213), despite autologous re-infusion (AR) 
9774194. TV was 0 in only one of sub-group B, who 
at 4 hours had BV of 700 and an equal volume of AR 
(700 ml). IV. Marked changes in cell and 
coagulation characteristics occurred; were similar 
in C and S patients; and were not affected by the 
type of AA (Da, De and S) used. Hct and Hgb of the 
MSB in the chest tubes on admission to the ICU and 
in the AA at 4 hours was 56 an? 39% respectively of 
that of the patient (Table 2). MSB also showed no 
FIB; high levels of FSP, > 40 in all patients; and 
PFH increased 130541333% (Table 3). V. Smears of 
the blood in the AA showed normal RBC, no helmet or 
target cells; few WBC; and no Plts., Further, ROW 
was in the normal range in the patient and in MSB. 


DISCUSSION: I. Mediastinal shed blood has a 
marked coagulopathy. Although this caused no 
apparent problems in this study, it might be a 
hazard if large volumes were infused. II. Re- 
infusing large amounts of plasma free hemoglobin 
may be undesirable.? III. RBC in the AA had a Hct 


of 12' Little actual salvage of blood occurred in 
the &udy, aml autotransfusion had no effect on 
transtusion requirements. Only one patient among 
those with significant bleeding might have 
benef=ted from autotransfusion. 


TABLE I 
BEWATOLOGIC CHARGES 
CYANGES IN HEMOGLOBIN AND HEMATOCRIT 


-— -a-m 
wee eee ee a ee ee eee ew eee ee a e e we y ee eee y e a a aa aa a a aee a =s m n e a a 


CN ARRIVAL ZPATIENT SCAVENGER IPATIENT POD6 
PTIENT TOBES Set 4 hrs d hrs 
Rgb.s I~ .£21.5 6.141.8 58217 4.241.7 40416 1041.2 
c de 0441.6 5.7212.6 55Ł14 x n/a 8.622 
b 9 641.8 6.]ż21.3 66Ł1i9 5.3ż1.0 57214 8.549 
gct.a 3 44 1745 56418 z 3917 2943 
© 3 t4 16t5 54+14 x n/a 2549 
«d 2-21 18+4 65219 1543 S7214 272) 


OTHER REMATOLOGICAL CHANGES 


Ice POE I 
OA ARRIVAL 4 ERS 
PITIENT CHEST TOBE PATIENT SCAV SET 
Plts .a 149450 fe] 15752 o 147466 
ec Ttorsd 0 17757 o l49t46 
-b lI6Ł28 o 129t17 o 154Ł42 
RDw ag ç 17.721 13.-442.5 I3-9t1.2 i4.ot].2 x 
ec 22.62] 13.6412 13.8t0.8 n/a r 
ab 34.622 l14.9t2.7 15Ł2.2 1l4-.6t2.2 Xr 
Pry oS 25t44 29624157 at’ 2242131 x 
ac 28212 284t198 6ts p/a x 
ab 24tJ4 10959 3JŁ? 11i9żt86 r 
YIB oa LEF*45 o 177254 o 290474 
wo I&E5Ł57 fe) 1932460 (ż] 3O00tSS 
-b 118223 o 100Ł56 o 247485 
PT of) I2,8+2.3 >40 15.123 >40 13.24] 
-Cc l4.l1żl.6 >40 1541.3 >40 13.40 
-b .1l7ż2 240 2047.2 >40 l4ż2.3 
PTT oH JC.2+6.7 2100 32412 >100 2673.4 
-© 27.2+6.7 2100 24+#5 >100 25.642 
«ab 3x44 >100 40420 >loo 2742 
SQ 2S S26 2 ee 2 62 ee eee ee eee ee ee oe ee ee oe oe 2 rnk h R es 2 2 2 2 2 2 2 2 2 2 F 2 2 a =- 
FIBRIN DEGRADATION PRODUCTS 
<10 10-40 >40 
ON ARRIVAL 26 22 2 
ICU 4 SRS ‘29 19 2 
POD & 16 26 6 
TABLE 2 
TRANSFOSION VOLGNES 
Transfusion Bleeding Aut Tr Total 
OR d4 hrs vol Transfused 
Deknaml 0,640.8 376Ł296 38l+31]8 2,222.5 
Dayol 1.22.6 2684118 298Ł192 73.-8Ł7.1l 
Soren>r O.220.4 3051924 32642351 1.3t1.2 
Group 0.640.9 3474252 34524292 2.Jt2.2 
Contret 0.510.8 x n/a l.5ż1.1l 
Bleed.mg Group 0.540.9 9852216 97724194 4.3722.6 
REFERELCES: 


l. Po,avsky MA, Devine PA, Ta swell HF 
Intraoperative autologous autotransfusion.- 
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Introduction: The search for optimal post- 
operative pain control has yet to produce a safe and 
reliable technique. In an effort to improve upon 
parenteral narcotic use in the early postoperative 
period, spinal and epidural opiate analgesia has been 
investigated. Effective control of acute and chronic 
pain yie epidural morphine was described by Behar in 
1979. However, in many clinical settings the use 
of spinal and epidural narcotics are not accepted 
because of associated respiratory depression, 
pruritis, nausea, and urinary retention. 


Reports have appeared documenting superior 
analgesia from continuous epidural combinations of 
fentanyl/bupivacaine or morphine/buptyagajne in 
post-thoracotomy and labor patients. ‘*"’~’ Th 
analgesia achieved was more profound in quality and 
duration than with narcotics or local anesthetics 
alone. Also, smaller total doses of narcotic and 
local anesthetic in combination appear to be 
efficacious, perhaps due to a synergestic analgesic 
effect. No patients in these studies suffered 
respiratory depression, although pruritis and nausea 
were not uncommon in patients given epidural 
narcotics. 


No direct comparison of continuous epidural 
morphine/bupivacaine and fentanyl/bupivacaine for 
post cesarean section pain has been undertaken. The 
purpose of this study was to compare in a randomized 
double blind fashion continuous epidural 
fentanyl/bupivacaine versus morphine/bupivacaine for 
post cesarean section analgesia. 


Methods: The study was approved by the 
Hospital Human Investigation Committee. Informed 
consent was obtained from 20 ASA status I and II 
obstetrical patients scheduled to undergo cesarean 
sections. Patients were prospectively randomized in 
blocks of four to one arm of the study group in a 
double-blind fashion. Lumbar epidural catheters were 
placed using Pharmaseal 17 gauge Touhy epidural 
needles (loss of resistance technique). Confirmation 
of correct catheter placement was made by 
demonstration of an epidural block to the fourth 
thoracic dematone adequate for cesarean section. All 
patients had epidural anesthesia for cesarean section 
provided by lidocaine 2% with epinephrine 1:200,000. 
Following surgery the patient received a bolus of 5 
cc and then a continuous epidural infusion at 5 cc/hr 
of either fentanyl .001%/bupivacaine 0.1% (Group A), 
or MSO, .01%/bupivacaine 0.1% (Group B). Patients 
were allowed meperidine 50-75 mg and hydroxyzine 
25-50 mg for additional pain relief per request. 


The epidural catheter was maintained for a 
period of 24 hours. Assessments were made at the 
time of arrival into the recovery area and every four 
hours during the 24 hour period. Data collected 
consisted of degree of pain according to a linear 
analog scale, the number and amount of supplemental 
narcotic doses, pruritis if present, nausea, 


vomiting, and somnolence. The results of the pain 
scores were analyzed by two-way anova with one 
measure repeated. The number of narcotic doses and 
incidence of pruritis, nausea, vomiting and 
somnolence were analyzed using Fisher's Exact Test 
for the first and second twelve hour periods by 
group. A p<0Q.05 was considered statistically 
significant. 


Results: There were no catheter related 
problems. Respiratory depression was not noted in 
either groups. Results of pain scores and number of 
supplemental narcotic injection (TABLE 2) exhibited 
a strong trend in favor of the morphine/bupivacaine 
combination. Pruritis (A 3/10, B 6/10), nausea (A 
1/10, B 2/10) and somnolence (A 4/10, B 6/10) were 
lower in the patients receiving fentanyl and 
bupivacaine. 


TABLE 1: Pain Scores (mean + S.D) 


PAR 4 8 12 16 20 24 
hrs. hrs hrs. hrs. hrs. hrs. 
Grp. 1.3+ Alt 3.44 3.4+ 3.14 3:24 Sse 
A 9 2.8 2.6 1.6 1.9 1.9 1.7 
Grp. 4.1+ 3.24 266% 19% 1.8+ 228) Vets 
B 3.1 3.5 2.2 2.2 1.8 1.9 Leg 





TABLE 2: Supplemental Narcotic Injection Doses 
Per Patient 


0-12 hrs. 12-24 hrs. 
Group A 1 225 
Group B Pe) 0 


Discussion: The results of this study suggest 
greater analgesic effect and more side effects from 
the combination of morphine/bupivacaine as compared 
to fentanyl/bupivacaine. These findings may be due 
to the more rapid redistribution of the more highly 
liphophylic compound fentanyl compared to morphine. 
Other possibilities include the role of the side 
effects in overall preception of pain relief and the 
potential difference in potency and synergy of the 
drug combination when this route of administration 
is employed. 
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Introduction. A large proportion of Fresh 
Frozen Plasma (FFP) transfused in this country is 
used in the perioperative period. For this reason 
anesthesiclogists are often involved in its 
administration. Because of recent concern that FFP 
is being inappropriately overutilized (1), we elected 
to examine the reasoning involved in decisions to 
transfuse FFP. 

Methods. All patients receiving perioperative 
transfusions of FFP, at Temple University Hospital, 
between December, 1985 and March, 1986 (n=32) were 
identified by the blood bank. The total number of 
operative cases during that time period was 2077. 

The charts and anesthesia records were reviewed by 
the authors, within 48 h of surgery. Information 
sought included type of surgizal procedure, estimated 
blood loss, blood products given, administration of 
antibiotics, warfarin or vitamin K, and pertinent 
laboratory studies (Hgb. Prothrombin Time (PT), PTT, 
Platelet count, creatinine, bili, AST, ALT, Alk 
Phos). The authors also interviewed the staff and 
resident anesthesiologist regarding justification for 
using FFP. A questionaire classified their response 
into l of 6 categories. Untoward bleeding was based 
on the staff anesthestologist'’s assessment of the 
Situation. Documentation of coagulopathy was based 
on the preoperative coagulation profile. 


Table 1 Authors 

Justification for use of FFP Assessment 

1. Surgeon insists - no untoward bleeding oe NT, 
2. Hypovolemia NI 
3. Presumed* coagulopathy-no untoward bleeding NI 
4. Presumed* coagulopathy & untoward bleeding PI 
5. Documented coagulopathy-no untoward bleeding PI 
6. Documented coagulopathy & untoward bleeding I 


*Presumption by the anesthesiologist 


A definite indication (I) for transfusion of FFP 
was documented coagulopathy with untoward bleeding. 
Possible indications (PI) were defined as presumed 
coagulopathy with untoward bleeding, and documented 
coagulopathy without untoward bleeding. A 
designation of not indicated (NI) was assigned to 
hypovolemia, surgeon insistence or a presumed 
coagulopathy in the absence of untoward bleeding. 
Also, the combination of FFP with packed RBC during 
massive transfusion (replacement of > 1 blood volume) 
in lieu of whole blood (WB) was considered 
inappropriate. 

Results. Nineteen patients had cardiac surgery, 
7 general surgery, 1 gynecologic, 1 urologic, 2 head 
and neck, and 2 had plastic surgery. Three patients 
had pre-existing liver disease. None had renal 
disease. Perioperative antibiotic therapy was of 
short duration and did not involve drugs known to 
affect coagulation. Seven patients had been taking 
warfarin chronically. All preoperative PT results 
were normal, with the exception of those obtained 
from patients on warfarin and two patients with 
liver disease. One patient required massive 
transfusion. Of the 7 patients receiving warfarin 
only 1 patient was given vitamin K preoperatively. 


“rty seven percent of the patients received 
FFP fœ what we considered a definite or possible 
indicacion. Fifty three percent received FFP based 
on ini cations we considered inappropriate. The 
mean umber of units of FFP/pt and post-op PT, are 
preserced in Table 2 in relation to justification. 
In th= 17 patients for whom transfusion of FFP was 
NI th= preoperative PT was normal and the post- 
operative PT was¢15 seconds. 





Table 2 
Number of MEAN FFP MEAN (+ SD) 
Justification Patients Units/Pt. Post-cp PT 

L (NI) 10 2.1 12.7 żŁ 1.52 
z (NI) 2 4.0 14.4 + 0.14 
=. (NE) 5 2.2 13.1 + 0.87 
E. (PT) 6 4.6 13.8 + 1.68 
= APT) 2 3.5 19.5 ż 5.23 
E (I) 7 6.0 15.4 + 2.74 





| 


Ziscussion. Transfusion of FFP has increased 
tenfcad, from 1974 through 1983, despite a paucity 
of iccications for its use. (2) Our data indicate 
that the reasons given to justify its use are often 
inappeopriate. It is interesting to note that the 
major-ty of patients in whom FFP was NI received 2 
units. an amount considered by most to be inadequate 
for correction of coagulopathies due to factor 
deficcency or dilution. It seems unlikely that any 
benetict was accrued from this therapy. 


Then an acceptable alternative exists, such as 
vitarcn K administration, consideration should be 
giver to the therapy with least potential for harm. 
In ott one case of massive transfusion , the use of 
WB, wether than FFP and packed RBC, would have 
accocglished the same objective at a lesser cost 
and r~sk to the patient. 


Tt appears there is a need for re-education of 
both enesthesiologists and surgeons regarding 
indicetions for and actions of FFP. Transfusion of 
FFP =: a costly, and potentially harmful, limited 
resorzce that should be used only when clearly 
indic: ted. 


“Leferences. 
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Introduction: The recent introduction of high- 
resolution ("gigaseal") patch-clamp techniques (1) 
has permitted direct observation of the molecular 
transitions of individual ion channels between open 
and closed (or blocked) states, In the presence of 
charged local anesthetics, the open state of the | 
acetylcholine receptor channel is interrunted by 
numerous brief closures (2), thought to reflect in- 
termittent blockade by anesthetic molecules. A sim- 
ilar "flickery" pattern is observed in the presence 
of uncharged local. anesthetics (3) and barbiturates 
(4), although the interpretation of these findings 
is controversial. Here we report that the general 
anesthetic isoflurane also causes "flickering" of 
the acetylcholine receptor channel, and shortens the 
apparent mean duration of the open state. 


Methods: BC3H-1 cells, which express acetylcho- 
line receptor channels similar to those of the mam- 
malian neuromuscular junction, were cultured and 
prepared for electrophysiological recording using 
methods described by Sine and Steinbach (5}. Stan- 
dard protocols (1) were followed to obtain on-cell 
membrane patches, using micropipettes containing 
140 mM KCl, 5 mM MgCl2, 10 mM HEPES, 5 mM EGTA and 
either 0 or 600 micromolar isoflurane. Seal resis- 
tances were typically in the 30-100 gigaohm range. . 
Single channel currents were amplified using a List 
EPC-7 I-V converter headstage and amplifier, record- 
ed on FM magnetic tape, filtered at 1 kHz and digit- 
ized at 50 or 333 microseconds per point. The ex- 
periments were performed at room temperature. 


Results: Examples of single channel currents 
activated by acetylcholine (0.5 micromolar) in the 
absence of isoflurane are shown in figure 1 (top 
panel). Brief closures are infrequent, By contrast 
when isoflurane is present in the micropipette 
(bottom panel), acetylcholine-activated single chan- 
nel currents take the form of short bursts of open- 
ings, qualitatively exhibiting the "flickering" 
characteristic which has been observed in the pres-_ 
ence of local anesthetics and barbiturates. 
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z Figure 1 
Single channel currents +/- 600 micromolar isoflurane 


KE Flanigan, B.A. and RS Brett, M.D., Ph.D. 


Department of Anesthesiology, State University of New York at Stony Brook 


The superimposed histograms shown in figure 2 illus- 
trate the shortening of burst durations by isoflur- 
ane, The closed bins represent the distribution of 
burst durations in the absence of isoflurane (192 
events; mean duration 4.2 ms). The open bins show 
the distribution in the presence of 600 micromolar 
isoflurane (194 events; mean duration 2.2 ms), 


Discussion: The appearance of "flickering" in the 
kinetic behavior of ion channels exposed to uncharged 
local and barbiturate anesthetics has been interpret- 
ed, in different contexts, as evidence favoring 
either a channel-blocking mechanism (2) or an allo- 
steric modification of rate constants governing 
transitions between the open state and one or more 
normally occult closed states (3). Our experiments 
establish that a general anesthetic (isoflurane) 
causes the acetylcholine receptor channel to "flick- 
er," but they do not discriminate among several pro- 
posed physical mechanisms, It seems unlikely, how- 
ever, that a simple channel-blocking mechanism (cf. 
Neher and Steinbach, 1978) can fully explain the 
present results, as it predicts a concentration- 
dependent lengthening rather than a shortening of the 
burst duration. Detailed quantitative studies of 
these phenomena are now required. 


References: 
l. Hamill OP, Marty A, Neher E, Sakmann B and Sig- 
worth FJ. Improved patch-clamp techniques for high- 
resolution current recording from cells and cell-free 
membrane patches. Pflugers Arch, 1981; 391:85. 


-2. Neher E and Steinbach JH. Local anesthetics tran- 


siently block currents through single acetylcholine 


‘receptor channels, J. Physiol. 1978; 277:153. 


3. Ogden ‘DC, Siegelbaum SA and Colquhoun D. Block of 
acetylcholine-activated ion channels by an uncharged 
local anesthetic. Nature 1981; 289:596, 

4, Gage PW and McKinnon D. Effects of pentobarbitone 
on acetylcholine-activated channels in mammalian 
muscle. Br. J. Pharmacol. 1985; 85:229. 

5. Sine SM and Steinbach JH. Activation of a nicotin 
ic acetylcholine receptor. Biophys. J. 1984; 45:175. 
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Figure 2 
Burst durations +/- 600 micromolar isoflurane 
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ISOFLURANE BLUNTS THE NOREPINEPHRINE RESPONSE TO C=RIIOPULMONARY BYPASS 
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Introduction. Cardiopu_monary bypass (CPB) 
elicits a complex neurohumoral response, con- 
Sisting primarily of increases in norepinephrine 
and epinephrine. In a previous study, epinephrine 
was reported to increase six fold, while the nore- 
pinephrine increase was two-fold. However, only 
norepinephrine levels correlated with changes in 
hemodynamics (1). We tested the hypothesis that 
anesthetic depth blocks the catecholamine response 
to CPB. We used an inhalation agent since these 
anesthetics can be given at a constant inspired 
concentration and have been proven effective in 
blunting the hormonal response to CPB without 
Significant side-effects (2). Isoflurane was 
selected because of its vasodilating effect. 

Methods. Eighteen patients scheduled for 
elective coronary revascularization gave informed 
consent. General anesthesia was induced with fen- 
tanyl (30 meg.kg-!) and oxygen and maintained with 
a continuous infusion of fentanyl (0.2 
meg.kg~!.min-1). The fentanyl infusion was ter- 
minated just before the beginning of CPB. Six 
patients were randomly assigned no further 
anesthetic during CPB. The other twelve received 
a continuous inspired concentration of isoflurane, 
either 1% or 2%, from the beginning of CPB until 
five minutes after the removal of the aortic 
cross-clamp. During CPB, pump flow was kept 
constant at 1.6 l.min-l.n-2, mean arterial 
pressure at 50+10 mmHg, and temperature at 27°C. 
At seven times during the procedure, blood samples 
were withdrawn for determination of plasma epi- 
nephrine and norepinephrine by HPLC. Plasma CK-MB 
was measured 10 hours after the end of CPB. 

Statistical analysis was performed us ing 
paired t-tests within groups and analysis of 
variance and paired t-tests were used between 
groups. Significance was declared when p<0.05 and 
results are presented as mean + SEM. 

Results. Groups had similar age, body surface 
area, ejection fraction and coronary anatomy. 
Norepinephrine levels are shown in the figure. 
There was a significant decrease in norepinephrine 
in the period following the removal of the aortic 
cross-clamp in the isoflurane groups. This effect 
lasted until weaning from CPB, when plasma levels 
returned to baseline and was not related to 
isoflurane dose. There was a trend for epi- 
nephrine to be lower in the isoflurane groups, but 
this did not attain statistical significance. 
There was no difference between groups with regard 
to total dose of fentanyl, aortic cross-clamp time 
and duration of CPB. Directly measured and 
derived hemodynamics were not different during and 
after CPB. However, during CPB, the maximal infu- 
Sion rate and the total dose of SNP infused were 
higher in the control group than in the isoflurane 


group Total amount of phenylephrine infused was 
highes= in the 2% isoflurane group. CK-MB was nor- 
mal in all groups. 

=iscussion. Catecholamine release reflects 
the € renocortical response to the stress of CFB. 
Our cta confirm previous reports, that the deli- 
very Zf anesthesia during CPB blunts, but does not 
abolisn, the stress response to CPB. We have 
demonszrated that the effect of isoflurane on the 
norepephrine rise during CPB is not dose related; 
howeve:, there was a dose related difference in 
norepephrine level after CPB (Fig.l, F). In 
additon, our results suggest an effect of 
isofl_rane on epinephrine during CPB. These 
effeccs are diminished immediately after the 
concls-on of CPB, when plasma catecholamine levels 
retura towards baseline. In conclusion, isoflurane 
Can escrease the circulating catecholamine level 
during’ the myocardial reperfusion following the 
removal of aortic cross-clamp. Further investiga- 
tion -s needed to determine whether this effect 


contr_tutes to the recovery of myocardial 
funet an. 
Figure | 
Mi control 
mean+ SEM 83 1% isoflurane 


2% isoflurane 
x p< 0.05 vs. I 
t p< 0.05 VS. Be 







2000 


norepinephrine 


where \zafter sternotomy, B=on CPB, C=30 min cross- 
clamp+4, D=2 min cross-clamp off, E=10 min cross- 
clamp ff, F=off CPB, G=chest closed 
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Introduction. EEG-changes seem to reflect 
the level of vigilance in patients in the intra~as 
well as the post-anesthetic period. Thus, the dynamic 
effects of centrally active compounds can be monito- 
Ted. Little is known about the dynamic, cortical 
effects of the new benzodiazepine midazolam, which 
due to its shorter duration of action and superior 
amnestic effect in comparison to other benzodiazepi- 
nes, seems to be a suitable induction agent for anes- 
thesia. The alleged short duration, however, has 
not been sufficiently demonstrated under clinical 
circumstances. In order to demask any long-term cere- 
bral effects, the specific antagonist Ro 15-1788, 
given at the end of anesthesia, is a tool to demons- 
trate any possible overhang which concomitantly will 
result in a change of EEG-activity. 


Methods. 20 patients after institutional appro- 
val and informed consent, who underwent elective 
abdominal, upper or lower extremity surgery, received 
midazolam as the induction agent after premedication 
(atropine 0.01 mg/kg, meperidine 1 mg/kg, promethazine 
0.5 mg/kg). The benzodiazepine was given in titrated 
doses over 20 to 30 seconds until the desired effect 
was obtained, followed by succinylcholine, intubation 
and mechanical ventilation under ethrane N,0/O,-rela- 
xant (vecuronium) anesthesia. 10 patients received 
Ro 15-1788 (0.8 mg/70 kg) while another group of 
10 patients received placebo in a double-blind fashion 
at the end of operation. For the evaluation of vigi- 
lance the EEG was recorded from position Fp1-A1 prior 
ta induction, and then for the following 240 postope- 
rative minutes . The EEG-signal was fed on-line into 
a Lifescan cerebral monitor (Neurometrics, San 
Diego, California) which performed an aperiodic analy- 
sis every 2 seconds. Data were collected at 5-10-15- 
30-60-120-180 and 240 minutes after drug administra- 
tion over a time intervall of 1 minute. The cumulative 
power (,uV°) in the classical frequency bands (delta, 
theta, 4ipba beta) was computed via an integrated 
PC (Kaypro 2000), using a specifically designed 
software program to quantify data acquisition and 
analysis of preprocessed EEG-signals in real time. 


Results. In regard to mean age, amount of mida- 
zolam given for induction, and duration of anesthesia, 
both groups of patients (Ro 15-1788 and placebo) 
showed no significant differences (mean age 33 and 
36 respectively; mean duration of operation 119 and 
124 minutes respectively; mean total dose of midazolam 
in both groups 13.3 mg). 

The Ro 15-1788 group’ showed a significant faster 
recovery which was reflected in the EEG-power spectra. 
In the Ro 15-1788 group there was an almost immediate 
(5 min) increase in beta~activity of 350 % when compa- 
red to the premedicated, awake state, and 300 % when 
compared to placebo. This increase in vigilance coin- 
cided with a concomitant reduction of power in the 
theta-band, showing a significant difference between 
both groups of 1790 %. Both effects subsided over 

the next 30 min, suggesting a short duration of action 
of the antagonist (fig.). 

However, in addition to the increase in vigilance, 
delta-activity in the Ro 15-1788 group showed marked 


fluctuation with sinus wave-like changes over 1 

min recordings. Thus, the power in the delta-band 

was also higher when Ro 15-1788 had been administered 
(fig.). 


Discussion. The power-changes in the various 
EEG-frequency bands demonstrate that midazolam, 
even after a mean aperation time of 123 minutes, 
still exhibits a significant effect on cortical 
activity in the postoperative period, resulting 
in reduced vigilance. This correlates with the elimi- 
nation half-life (t 1/28) which has a duration of 
1.5-2.5 hours (1), suggesting that even after two 
hours, depressive central effects may still be pre- 
sent. The antagonistic activity, i.e the increase 
in vigilance, is markedly reflected in the beta-band, 
the fast frequency domain of the EEG. In a study 
by other researchers (2,3) using the EEG as a tool 
to evaluate postoperative vigilance changes after 
sufentanil and fentanyl-droperidol anesthesia, beta- 
activity was considered as the parameter reflecting 
recovery from anesthesia. 
But in addition to its antagonistic effect, Ro 15- 
1788 also seems to inherit some agonistic, non-benzo- 
diazepine properties. jhis was reflected in a signi- 
ficant increase in „uV“ in the delta-band of the 
Ro 15-1788 group. The oberservation is underlined 
by studies where the sole administration of the 
antagonist increased delta-activity in the normal 
sleep-waking cycle of dogs (4). Such observations 
could also be derived from the present study, where 
patients after Ro 15-1788 seemed asleep however, 
were wide awake when adressed. 
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Introduction: Administration of 75% nitrous oxide 
(N90) to Sprague-Dawley rats for 24 hours on day 9 
of pregnancy results in increased fetal loss and 
teratogenic effects. However, the minimum toxic 
concentration of N20 administered for 24 hours on 
day 9 is not known, although, in a previous study we 
showed that 25% N90 was devoid of adverse effects. 1 
Also, it is not known if administration of other CNS 
depressant drug in combination with N20, as is done 
in clinical anesthesia practice, would increase its 
reproductive toxicity. The present study was de- 
signed to answer these questions. 


Methods: 429 timed pregnant Sprague-Dawley rats were 
obtained from the breeder on day 6 of pregnancy, 
weighed and assigned to six groups of approximately 
equal average weight as follows: 1) Control (n=114);: 
2) Fentanyl (n=60); 3) 35% N20 (n=54); 4) 35% N20 + 
Fent (n=73); 5) 50% N20 (n=54); 6) 50% N20 + Fent 
(n=74). On day 7 of pregnancy, osmotic minipumps 
(Alza Corp, Palo Alto, CA) which deliver their con- 
tents continuously and at a constant rate for two 
weeks were implanted subcutaneously in the back of 
the rats. The total daily fentanyl dose was 500/ug/ 
kg/day; rats in control and N20 alone groups re- 
ceived normal saline. On day 9 of pregnancy, rats 
were administered N20 for 24 hours; control and fen- 
tanyl only groups were exposed to room air simulta- 
neously in another chamber. On day 21 of pregnancy, 
rats were killed, cesarean sections were performed, 
and the uterine contents were examined. Each fetus 
was examined for external abnormalities and its 
weight and sex determined. Fetuses then were fixed 
and stained, and examined microscopically either for 
visceral or skeletal abnormalities. Statistical com- 
parison were made with ANOVA, chi square or t tests, 
as appropriate. p < 0.05 was considered statistical- 
ly significant. 


Results: One rat in the fentanyl group, 10 rats in 
the 35% N20 + Fent group and 41 rats in the 50% N20 
+ Fent group died during exposure. Total weight gain 
during the experiment was less than control only in 
rats from the 50% N20 and 50% N20 + Fent groups. 
There were no differences in the overall pregnancy 
rate and in the total number of implantations among 
all the groups. However, the total number of live 
fetuses per dam was less, and the total number of 
resorptions per dam and the post-implantation fetal 
loss were more in 50% N%0 and 50% N20 + Fent groups 
than in the control group. A total of 2693 offspring 
were delivered. There were no differences in exter- 
nal abnormalities in any of the groups. The inci- 
dence of major and minor visceral abnormalities were 
increased in 50% N90 and 50% NoO + Fent rats and 
there also was an increase in minor skeletal anoma- 
lies in these rats. Skeletal cevelopmental variants 
were increased in 35% NoO + Fent and 50% NoO + Fent 
groups (combined treatment) but not in the corres- 
ponding N20 alone groups. 


Discussion: The present study defines the minimum 
toxic <oncentration of N50 administered for 24 hours 
on da~ 9 of pregnancy: 35% NoO is not associated 
with sziverse reproductive effects but 50% N30 is 
toxic Given this information we then were able to 
deterr-ne if the combination of N30 and another CNS 
depressant drug, fentanyl, altered the threshold of 
reproactive toxicity of N90. In a previous study 
emplor=ng osmotic pumps, we administered fentanyl 
doses <s high as 500 ug/kg/day on days 3-17 and nei- 
ther =tverse reproductive nor teratogenic effects 
were “sserved.“ In the present study, No0 exposure 
on daz 9 of pregnancy was accompanied by significant 
materal toxicity in the combined treatment groups, 
as eviienced by an intra-anesthetic mortality xate 
of 14° for the 35% NoO + Fent group and 55% for the 
50% Nt! + Fent group. There were no intra-anesthetic 
death: in the N20 alone treated dams. Thus, the 50% 
NoO + Tent treatment was at the upper limit of ma- 
terna. tolerance. In spite of this, there was only 
one c.sar-cut reproductive effect which occurred in 
the combined treatment groups but not in either 
group “reated with N30 alone; i.e., an increased in- 
cidem:. of skeletal developmental variants. Develop- 
menta variants are abnormalities in anatomic struc- 
ture rLich, themselves, have no significant bioləgi- 
cal e-Zect. Some, such as extra 14th rib, are indi- 
cativ» of teratogenic potential. These were not 
seen _1 the present study. Thus, we conclude that 
the aHition of fentanyl to N20 does not incrzase 
the toxic reproductive or teratogenic effects of 
N90. 
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359% 50% 
Summary if Reproductive 35% N20+ 50} N2C+ 
Indices nd Fetal Exam. Cont Fent N20 Fent N20 Fent 
No. of — cts studied 114 60 54 73 54 74 
No. of — ts died during exposure 0 1 0 10 0 41 
Starcir dam weight (g) 213 213 212 212 212 212 


Weight ss during exposure (g) 23 27% 24 30+ 29% 32% 
Weight = in during pregnancy (g) 135 129 139 127 106% 96% 


Overall regnancy rate (%) 75 78 76 64 76 66 
Total im ‘lantations/dam 11.8 11.5 12.3 12.6 11.7 10.7 
Total lL 'e fetuses/dam 11.2 10.9 11.6 10.9 7.7% 6.4% 
Total r= ‘ozptions/dam 0.5 0.6 06 1.2 4.1* 3.9% 
Post-immw 'antation loss (%) 5.8 5.8 5.4 13.4 34.0* &63,0* 
Mean fe 'l weight (g) 4.5 4.5 4.5 43 3.9 3.9 
Fetal © ‘emales (%)/dam 51 4? 49 52 52 54 
No, of ~ tuses examined: 

Extern} examination 954 $10 479 342 306 102 

Visce :1 examination 474 256 241 171 153 51 

Skele ‘1 examination 480 254 238 153 171 51 
Externe examinations: 

Major ialformations/liter (%) 0.0 -1 0.4 1.2 0.8 1.1 

Minor snomalies/liter (%) 0.3 04 04 1.2 0.6 1.1 

Runts iter (%) 0.6 0.2 0.7 0.9 1.3 1.1 
Viscere examinations: 

Major ialformations/liter (%) 0.0 00 0.3 0.7 6.1% 15.7* 

Minor -nomalies/liter (%) 4.7 4,6 6.3 8.5 17,8* 20.9% 

Devels . variants/liter (%) 1.2 0.0 0.0 O.0 0.0 4@.0 
Skelete= examinations: 

Major :alformations/liter (%) 0.0 0.0 0.4 1.7 1.1 @.0 

Minor nomalies/liter (%) 0.6 2.2 0.8 1.1 7.6% 95% 

Devels . variants/liter (4%) 29.0 21.1 41.9 58.2% 35.8 68.3% 





* p <C {5 (compared with control) 
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Introduction: Renal transplantation has become 
a common surgical procedure. Because of physiologic 
changes associated with chronic renal failure, 
chronic dialysis and the underlying disease, these 
patients frequently have disturbances in distribu- 
tion of intravascular and extravascular volume and 
secondary alterations in drug distribution. This 
study was designed to determine the pharmacokinetics 
of sufentanil in patients undergoing renal trans- 
plantation. 


Methods: The patient population consisted of 
10 patients (ages 28-47) with chronic renal failure, 
on chronic hemodialysis who underwent renal trans- 
plantation. None of the patients has a history of 
liver disease. General anesthesia was induced with 
thiopental 5-7 mg/kg IV and endotracheal intubation 
was facilitated by atracurium .4 mg/kg IV. 
Anesthesia was maintained with isoflurane .5~13% 
(inspired concentration) as needed and nitrous oxide: 
oxygen 50:50. Sufentanil 2 mcg/kg was administered 
aS an intravenous bolus in a peripheral vein. Blood 
samples for sufentanil assay were obtained from a 
central venous line at 1,3,5,7,10,15,20,30 and 60 
minutes and every hour for six hours after drug 
administration and at extubation. Time from 
sufentanil administration until the point at which 
patients were adequately ventilating sponteneously 
was also recorded. Plasma samples were separated 
and frozen until radioimmunoassay was done, 
(sensitivity .1 ng/ml). Plasma concentration decay 
curves were fitted for eacn patient to bi-and 
triexponential equations. This was done using 
weighted, nonlinear least squares regression analysis 
Derivation of pharmacokinetic parameters were in 
accordance with formulas described in Gibaldi (1). 


Results: Seven patients received kidneys from 
living, related donors and three underwent cadaveric 
transplants. Although both bi- and triexponential 
equations described plasma decay curves well, thie 
biexponential equation provided the best fit (2). 

Pharmacokinetic data are presented in table 
l. Values for the parameters measured are as 
follows (mean + SEM): Volume of central compartment, 
-15+.05 1/kg; volume of distribution, -85+.16 1/kg; 
elimination half-life, 176+87 min. and clearance; 
11.5+4 ml/kg/min. Most patients experienced a 
transient increase in plasma sufentanil levels 
between 180-240 minutes after injection; 60-120 
Minutes after the transplanted kidney was re- 
vascularized. Only one patient experienced prolonged 
respiratory depression and most other patients were 
extubated within forty minutes following completion 
of surgery. The average duration of respiratory 
depression after sufentanil administration was 235+ 
113 mins. and the average length of surgery was 165+ 
32 mins. 


Discussion: The pharmocokinetic parameters of 
sufentanil are nearly identical in renal transplant 
and healthy surgical patients (3). This suggests 
that liver function is well maintained and is the 
primary determinant of sufentanil clearance. This 


is suggested by the clearance value inthe respective 
groups above; 11.5 and 12.7 1/kg/min. It also 
implies that renal function plays little if any role 
in the elimination of sufentanil during the first 
sew hours after administration. The only parameter 
that differed was the volume of distribution .85 1/k 
in the transplant patients as compared to 2.86 l/kg 
in a normal population (3). These differences may 
be attributed to volume alterations following pre- 
surgical hemodialysis. In fact eight out of ten 
patients had been dailyzed within 12 hours prior to 
surgery. Another notential cause for this 
discrepancy is sampling from the right atrium versus 
superior vena cava. Finally, the mathematical 
derivation of the volume of distribution values 

were sensitive to the transient post-revascularizatim 
increases in plasma drug concentrations in the 
transplant patients. The overall contribution of 
this phenomenon was not determined in this study. 
Volume loading with 3-4 liters of crystalloid fluid 
after the renal anastomases were complete appeared 
to have little effect on the drug's pharmacokinetics. 
This finding is most likely related to the timing 
of fluid administration approximately 90 minutes 
after sufentanil administration when redistribution 
of the drug had already occured. In conclusion, 
sufentanil Pnarmacokinetics are essentially the 

same in patients undergoing renal transplantation, 
compared to patients with normal renal function. 
Furthermore, these patients did not exhibit a 
clinically significant increase in sufentanil-induced 
respiratory depression, as demonstrated by adequate 
spontaneous ventilation at either the termination 

of surgery or shortly afterwards. 


References: 
l. Gibaldi M, Perrier D. Pharmacokinetics 2nd Ed. 
Marcel Dekkam, Inc. New York, N.Y. 1982 


2. Boxenbaum HG, Riegelman S, Elashoff RM. J 
Pharmacokin Biopharm 2:123-148, 1974. 


3. Bovill JG, Sebel PS, Blackburn CL, et al 
Anesthesiology 61:502-506, 1984. 


Table 1: Pharmacokinetic parameters (mean + SEM) 


vc V Beta +4B CL 


(L/kg7+)  (l:kg7l) _ (min.) (m1. /kg:min71) 


-15+.05 .85+.16  176+87  11.5+3.7 
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Introduction: Hypertension is a common occurrence 
in the immediate postoperative period and may lead 
to serious complications. Vasodilators such as 
hydralazine (H) used to treat postoperative 
hypertension (PH) produce a hyperdynamic state which 
may lead to potentially deleterious effects in 
patients with coronary artery disease. Labetalol 
(L) is a nonselective beta blacker with significant 
alpha blocking properties that reduces the systemic 
vascular resistance without producing a reflex 
tachycardia. This property of L offers potential. 
advantages in the treatment of hypertension. The 
purpose of this study was to determine efficacy of L 
in comparison to H in the management of PH. 


Methods: Twenty patients (average age 68 + 4 yrs; 
average weight 59 + 3 kg) with a history of 
hypertension and undergoing major surgery were 
studied during the postoperative period. 
Institutionally approved informed consent was 
obtained during the preoperative visit. Patients 
were randomized and treated fcr PH with either IV L 
(group L, 10 patients) or IV E (group H, 10 
patients). Treatment was initialized when systolic 
blood pressure (SBP) was over 180 mmHg and diastolic 
blood pressure (DBP) 100 mmHg. Treatment was aimed 
at achieving a 20% reduction of the systolic blood 
pressure and a diastolic blood pressure of 90 mmHg 
or less. Patients with contraindications to beta 
blockers were excluded from the study. Prior to 
initiation of antihypertensive therapy common causes 
of postoperative hypertension were eliminated such 
as pain, bladder distension, hypoxia, hypercapnia 
and hypervolemia. Blood pressure (SBP, DBP, MAP) 
was monitored by a Dinamap or direct arterial 
catheter every 5 minutes. The electrocardiograph 
(modified V5 chest lead) was continuously monitored 
for at least 2 hours. Patients in Group L were 
given an intravenous bolus of 10mg initially. 

J£ needed this was increased to 20mg, then 40mg at 5 
minute intervals. A maximum dose of 150mg of L was 
administered in 25 minutes. Patients in group H 
were given an intravenous bolus of 5mg initially, 
and if necessary followed by doses of 10mg and 15mg, 
at 10 minute intervals for a total of 30mg in 30 
minutes. Blood pressure. and heart rate at 
initiation of therapy (base line) were compared with 
values at 10, 30, 60, and 120 minute intervals in 
each group. Statistical data was analyzed by paired 
Students T-test, using p 0.05 as significant. 


Results: There were no significant differences 
between groups L and H in the baseline HR, SBP, DBP, 
and MAP. Table 1 summarizes the hemodynamic effects 
of both drugs. L and H produced significant 


reduc@ion in blood pressure (SBP, MAP, DBP) within 
10 miutes, which lasted at least 2 hours. One 
patie t in each group failed to respond. There was 
no pr=cipitous fall in blood pressure in either 
group. L produced a significant reduction in the HR 
and FP without producing bradycardia. Hydralazine 
did r=t produce a statistically significant increase 
in prse rate due to the large variability around 
the man values, but three patients developed sirus 
tachy-atdia and required IV propranolol, and two of 
these three patients developed transient ST segment 
depression. 


Discv=sion: Intravenous labetalo] administered in 
increr=ntal fixed doses starting with 10 mg was a 
safe =nd effective agent in producing adequate 
reduc—ion in blood pressure, heart rate and rate 
pres=-re product in the postoperative patients. 
This =ffect was maintained for at least 2 hours 
withoe an overshoot. H was equally effective in 
lowering BP, but produced a 30% incidence of 
incresed HR. L significantly lowers HR as well as 
BP art therefore, may be useful in the treatment of 
PH ir patients who would otherwise not tolerate 
tachy—ardia. 


Refer=ces: 


l. Conmings AMM, Brown JJ, Lever AF, et al: 
Treatz2nt of severe hypertension by repeated bolus 
injeccions of labetalol. Br. J. Clin. Pharm. 1979; 
8:19S-204S, 

2. Echard BN: Labetalol, An alpha and 
betazirenoceptor blocking agent: Its use in 
thera=utics. Br. J. Clin. Pharm. 1979; 8:239S-244S, 


Table 1 
~OMPARISON OF IV LABETALOL VS HYDRALAZINE 


i Time after Drug Injection (minutes) 









Croup Bone line 
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Hean values £ £ Standard Deviation *p<0,05 within group 
f No. x 10? *0p<0.08 between groups 
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introduction: The baroreflex, an important difference between the pressor and depressor 
mechanism to maintain cardiovascular homeostasis, responses at equipotent concentrations of both 
is immature in the newborn and obtunded during halothane and isoflurane. 
halothane anesthesia.! The effect of isoflurane 
on this response in the newborn is unknown. This work was supported with grants from 
Furthermore, it has been suggested that the Connaught Laboratories and the Heart and Stroke 
baroreceptor response may differ following Foundation of Ontario. 
pressor and depressor challenges.* Therefore, 
we compared the effects of equipotent References: 
concentrations of nalothane and isoflurane on the © 1. Wear R, Robinson S, Gregory GA. The effect 
baroreceptor response in’ newborn swine and the of halothane on the baroresponse of adult and 
relative depression of the pressor and depressor baby rabbits. Anesthesiology 1982; 
responses. i 56:188-91 

Methods: With approval from the Animal Care 2. Goldstein DS, Horwitz D, Keiser HR. 
Committee, eight fasting, unpremedicated newborn Comparison of techniques for measuring 
swine, ages 4-10 days, weighing 1.5-3.0 kg were baroreflex sensitivity in man. Circulation 
studied. Each swine was randomly assigned to 1982; 66:432-9 o 
receive either halothane or isoflurane and the 3. Smyth HS, Sleight P, Pickering GW. Reflex 
anesthetic requirement determined for that swine. regulation of arterial pressure during sleep 
A central venous catheter and a carotid artery - in man: a quantitative method of assessing 
catheter were then inserted. After the swine was baroreflex sensitivity. Circ Res 1969; 
aliowed to recover for forty-eight hours, the l 24:109-21 
awake heart rate, systolic blood pressure, and ; 
the baroreceptor response were recorded. l TABLE 
Baroreceptor responses to both pressor 


(phenylephrine 50 ug intravenously) and depressor , AWAKE BARORECEPTOR SLOPES 
challenges were administered (sodium . 

















nitroprusside infusion) in a random sequence. HALOTHANE ISOFLURANE 
The subsequent changes in heart rate and systolic —-— —--—— -—_——— 
blood pressure were recorded on a Hewlett-Packard Pressor 4.65 + 1.20 4.89 + 0.34 
8 channel recorder. Anesthesia was then induced 

with the assigned anesthetic agent, the trachea Depressor 4.50 + 1.17 5.40 + 1.09 





was intubated and the lungs were mechanically . 
ventilated to maintain normocapnia (pCO> 35-45 Data (msec/mmHg) are mean + S.D. 
mm Hg). End-tidal anesthetic concentrations 

(0.5 MAC, 1.0 MAC and 1.5 MAC) were administered 

in a random sequence. The baroreceptor response FIGURE 

to pressor and depressor challenges were repeated : 

at each MAC multiple. The slope of the linear 
portion of the R-R interval (heart rate) versus 
systolic blood pressure was determined to compare 
the sensitivity of the baroreceptor responses. 
The data was analyzed using least squares linear 
regression analysis.3 Baroreceptor slopes at 
each MAC multiple were compared to awake values 
using two-way ANOVA and the Student-Newman-Keuls 
test. 

Results: The mean age and weight of the 
swine in the halothane and isoflurane groups did 
not differ significantly. The mean (+ SD) awake 
values for the pressure and depressor 
baroreceptor responses did not differ 
Significantly (Table). The baroreceptor response 
decreased significantly compared to awake values 
at 1.0 and 1.5 MAC for both anesthetics (Figure). 
However, the baroreceptor response did not differ 
significantly between halothane and isoflurane at MAC 
equipotent concentrations. 

Discussion: The results of this study . © Halothane pressor response 
indicate that both halothane and isoflurane @ Halothane depressor response 
o 
= 





Fraction of Awake Baroresponse 
© 
A 


0.5 1.0 1.5 


depress the. baroresponse in newborn swine at 1.0 Isoflurane pressor response 
and 1.5 MAC. However, there was no significant Isoflurane depressor response 
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Introduction: Both isoflurane and nitroprusside 
(SNP) are used to induce hypocension during 
neurovascular surgery. Isoflurane has properties 
that suggest that it may provide cerebral 
protection - CMRO. is markedly reduced while CBF 
is maintained and; in animal studies, gupvival 
during shock and hypoxia is prolonged.~’* However, 
a recent study in which vasopressors were used to 
maintain a normal BP did not demonstrate any 
benefit of high dose isoflurane in focal cerebral 
ischemia.~ In this study, we have evaluated the 
cerebral protective effects of isoflurane during 
induced hypotension in a primate model of focal 
cerebral ischemia. 


Method: Fourteen healthy female macaque monkeys 
were Studied. The anesthesia sequence was 
ketamine (10 mg/kg), intubation, paralysis 
(gallamine) and ventilation (O./air, FIO. 0.6) to 
Paco, 35 mmHg. The animals weré then divided into 
2 grőups. Seven animals received halothane and 
seven isoflurane anesthesia. During surgical 
preparation the halothane or isoflurane were 
titrated to keep BP in the ncrmal range. 
Monitoring included intra-arterial pressure, 
arterial blood gases, EEG, scmatosensory evoked 
potentials (SSEP), and temperature. 





After transorbital exposure of the middle cerebral 
artery (MCA), in the halothane group, the inspired 
halothane was reduced to 0.75% and the mean BP 
reduced to 45 mmHg by the infusion of SNP. In the 
isoflurane group, the isoflurane was titrated to 
reduce mean BP to 45. Stable hypotension was 
maintained for 22.5 minutes ard then the MCA 
occluded for 45 minutes. After deocclusion, 
hypotension was maintained for a further 22.5 
mintues ie. 90 minutes hypotension in total. 

When normotension was re-established, the wounds 
were closed and the animals allowed to awaken. 

The animals were neurologically assessed every 
eight hours using a prgviously described scoring 
system (100 = normal).“ On the third postoperative 
day, they were re-anesthetizez and underwent NMR 
imaging, and EEG and SSEP reccrding. Thereafter 
they were sacrificed and the crains fixed for 
neuropathology. 


Results: There were no differences between the 
groups in BP, PCO.,, temperature, and duration of 
hypotension and oclusion. Hypotension was more 
easily achieved and controlled with isoflurane. 
Normothermia was maintained in all. In every 
animal, SSEP disappeared within 10 minutes of MCA 
occlusion and recovered partially or completely on 
deocclusion. All awoke at the termination of the 
surgical procedure but 2 halothane and 0 
isoflurane animals died prematurely (p<0.2). 
There were no statistically significant 
differences in neurological scores or in the NMR 
assessment of lesion sizes between the groups. 


Discusz.on: These results indicate that isofluran2 


induced hypotension does not protect the brain 
during zemporary focal ischemia when compared to 
SNP. Ta2 reason for such failure is unclear but 
sugges_3 that isoflurane may not further depress 
metabo_.sm in a focal ischemic region or that the 
cerebr._ vasodilatory effects of isoflurane may 
offset iny metabolic benefit (steal phenomenon). 
In con.:_usion, while isoflurane produced more 
easily controllable hypotension, it offers no 
cerebr_. protective advantage over SNP in this 
model «= focal cerebral ischemia. 
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is. 4emia. Anesthesiology 1984;59:23. 

Toe el MM, Hehls DG, Drummond JC, Spetzler RF, 
Thempson R, cohnson P. A comparison of the 
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INTRODUCTION: Maintenance of anesthesia using 
primarily an intravenous agent in noncardiac 
surgery is a relatively new technique. Past stu- 
dies have attempted to quantify the physiological 
differences between anesthesia maintained with an 
inhalation versus an intravenous drug. These stu- 
dies however, have suffered from the inability to 
administer these two different forms of anesthesia 
by the same method. This is because there has 
previously been no administration system that 
enabled the plasma level of the intravenous 
anesthetic (that concentration which is in equili- 
brium with the CNS) to be maintained or altered 
accurately by the physician as can be done using a 
vaporizer. Also a value such as M.A.C for an 
intravenous drug, which provides the clinician 
with a dose guide for an adequate depth of 
anesthesia has not previously been known. These 
obstacles in performing a comparison have been 
overcome in this study by a) the use of computer 
assisted continuous infusion (CACI) which like a 
vaporizer for inhalational anesthesia provides a 
set plasma level of the intravenous drug and b) 
the knowledge of the MIC (minumum intravenous con- 
centrations = Cp50) values for alfentanil, which 
provides a value equivalent to M.A.C2. This study 
therefore for the first time compared the main- 
tenance of anesthesia, hemodynamic stability and 
the recovery from anesthesia between halothane 
(H), fentanyl (F) and alfentanil (A) when all 
anesthetics were administered continuously at or 
around their MAC or MIC. 

ME THOOS : This study was approved by the 
Institutional Review Board and patients gave 
written informed consent. Thirty patients sche- 
duled for elective surgery were enrolled in the 
study and randomly assigned to one of the three 
groups (Group H, F, and A) cosisting of 10 
patients per group. Premedication consisted of 
valim 10 mg P.O. one hour prior to surgery. 
Blood pressure and heart rate were recorded 
following specific stimuli and at 5 mins inter- 
vals. Following preoxygenation the patient was 
induced with thiopental 3-7 mg/kg, nitrous oxide 
60 to 70% in oxygen was added and vecuronium 0.1 
mg/kg was given. After induction, Group H 
patients received halothane as the basic anesthe- 
tic for the remainder of the procedure. Group F 
and A patients received fentanyl and alfentanil 
respectively for the remainder of the procedure. 
The plasma concentration of all agents was varied 
as needed to maintain an adequate depth of 
anesthesia, and the heart rate and blood pressure 
within 20% of baseline values. For all 3 groups 
anesthesia was used in a physician closed loop 
mode with the physician (anesthesiologist) 
changing the set point, thus moving the plasma 
concentration from one plateau to the next either 
by vaporizor (H) or CACI (A,F). End tidal, 
halothane was measured using a Puritan Benet Agent 
Monitor. Time from the end of the procedure (i.e. 
nitrous oxide turned off) till the time the 
patient was responding, ventilating spontaneously, 
orientated to time, place, and person, and able to 


Percentare of Observations 


North Carolina State University, Raleigh, N.C. 27606 


be discharged from the recovery room, were all 
recorded. The requirements for narcotic reversal 
and post operative analgesia were also recorded 
for the first 90 min. Statistical analysis was 
performed with one way analysis of variance and 
co-variance. P<0.05 was considered significant. 

RESU_TS: Hemodynamic stability obtained from 
each group (H,F,A) are represented in the figures. 
No additional anesthetic agent was required in 
either A or F. Each blood pressure and heart-rate 
measure was counted as 1 observation and its per- 
centage change from control was calculated. There 
were was no differences between groups in main- 
taining hemodynamic parameters within 20% of 
control. The recovery data is in the table. Time 
to respond to command was significantly shorter in 
A versus H. A Significant number of patients 
required naloxone in group F but only 1 required 
more than a single dose. 
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DISCUSS ION: Good hemodynamic control and 
similar recovery was obtained in all groups. This 
study therefore demonstrated that anaesthesia pro- 
duced by computer assisted infusion of alfentanil 
or fentanyl, was as good as inhalational anesthe- 
Sia produced by halothane. 

REFERENCES : 
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2. Ausems ME, Stanski DR, Hug CC: Plasma con- 
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INTRODUCTION: The administration of a small 
sub-paralytic “priming dose” of a nondepolarizing 
muscle relaxant (NMR) followed by a larger 
“intubating™ dose to speed the onset time of 
muscle relaxation has been popularized by Foldes 
as the priming principle"*. At the present time 
the priming dose, priming interval, and intubating 
dose for the more commonly used nondepolarizing 
muscle relaxants have yet to be well defined. The 
current study was designed to 1) establish the 
optimal priming dose of vecuronium (V), pan- 
curonium (P), and atracurium (A), 2) detect any 
difference among these three agents, and 3) com- 
pare their onset times to that of succinylcholine 
(S). 
METHODS : After Instutional Review Board 
approval 160 ASA class I-III patients scheduled 
for elective surgery gave informed consent. 
Patients were randomly divided into four major 
groups (V,P,A,S). For each of the NMR studied, 
the patients were further divided into five sub- 
groups of ten patients each according to the 
priming dose given i.e. no prime, 5%, 10%, 15%, or 
20% of the total dose. The total dose for V was 
0.08 mg/kg, P 0.1 mg/kg and A 0.6 mg/kg. The 
intubating dose, given 5 to 6 mins after the 
priming dose was the total dcse minus the prime 
dose. The S group received 3 mg of d-Tubocurare 
as a prime and 1.5 mg/kg succinycholine. Patients 
were premedicated with diazepam, anesthesia was 
induced with thiopetal, maintained with 1 to 5 
meg/kg of fentanyl and Nao/oo. Following induc- 
tion neuromuscular transmission (NMT) using a 
Puritan Benet NMT monitor was calibrated and the 
priming dose given. Tl and Tą% were monitored 


every 20 seconds for the initial 5 to 6 minutes 
following the priming dose. At five minutes, if 
NMT was stable the intubating cose of the relaxant 
was given and decay of NMT was recorded every 20 
seconds thereafter. Statistical analysis was by 
analysis of variance and co-variance with repeated 
measures. p<0.0l was considered significant. 

RESULTS: The maximal effect of the various 
primes on NMT for each NMR is shown in figures 1 - 
3 (prime max). This effect was maximal for A 20% 
with a reduction in twitch height of 25%. This 
was Significantly different from all other groups 
(p<0.01). When data for all three NMR groups were 
pooled the decay of NMT was significantly faster 
when a priming dose was used (p=0.0002). At 60 
sec the degree of neuromuscular blockade from suc- 
cinylcholine was significantly greater than any of 
the NMR regardless of prime, but at 80 sec (Al15%) 
and 100 sec (A15%, V15%, 915%) this difference was 
no longer statistically significant (Fig 4). 
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DISCUSSION: Our data confirmed that priming 


effecti-zly shortens onset time of muscle rlaxa- 
tion. <5 can be noted from the graphs there was 
extreme patient to patient variability with all 
NMR, bul this was much less prevelant in the S 
group. atient variability therefore must be con- 
sidered yhen using this technique. Our data indi- 
cate thm: the ideal priming doses for the NMR usej 
are: V .5% (0.012 mg/kg,) A 15% (0.09mg/kg,) P 15% 
(0.015 —j/kg.) When the ideal prime for each NMR 
group w=: used, priming was as effective as S at 8D 
secs (A5%) and 100 secs (Al5%, V15%, P15%) but S 


was Sti. , superior at 60 secs. 
REE ERENCE 

l. Fo. jes FF, Schwartz S, Ilias W, et al. Rapid 
trscheal intubation with vecuronium: The 


pr_ming principle. 
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Introduction: Several authors have stated that vec- 
uronium(VEC) is useful in the patient with renal 
failure (1,2) while others believe atracurium( ATR) 
to be the muscle relaxant(MR) of choice (3). More 
recently, VEC accumulation has been described in the 
patient with renal failure (4). This might be clini- 
cally significant in the renal transplant patient 
who is essentially anephric and immune compromised 
where rapid recovery from neuromuscular block is 
desirable to allow early extubation. We are not 
aware of any study comparing ATR and VEC in the 
renal transplant patient. This study was designed 
as a trial of ATR and VEC with clinically useful 
doses in the cadaveric renal transplant patient. 
Methods: After Institutional Review Board approval 
and informed consent, 14 ASA Class III patients 
undergoing cadaveric renal transplantation were 
studied. All patients were free of apparent uremic 
neuropathy and assigned randomly to receive either 
ATR or VEC. Premedication consisted of morphine 
sulphate 0.08 mg/kg and atropine 0.4 mg IM one hour 
prior to surgery. Induction consisted of thiopental 
4-6 mg/kg IV followed by succinylcholine(SDC) 1.0 
mg/kg to facilitate endotracheal intubation. Neuro- 
muscular function was measured by recording the 
force of thumb adduction with a Grass FT10 force 
transducer. The ulnar nerve was stimulated after 
preloading with 250 grams, with a train of four 
every 10 seconds via 25 gauge subcutaneous elec- 
trodes and recorded on a Grass polygraph (Model 7). 
Electrodes were placed after induction and prior to 
SDC administration and baseline train of four was 
obtained. SDC was administered and time to maximum 
block was noted (SDC max). Maintenance of anesthe- 
sia consisted of isoflurane (ET concentration of 
1.2% as determined by Beckman LB-3 end tidal Moni- 
tor) and fentanyl 4-6 ug/kg IV. After 90% recovery 
of T4 from SDC (SDC 90%} either ATR (0.25 mg/kg) or 
VEC (0.05 mg/kg) were administered and the following 
times were noted: time to maximum block onset (REC 
max), injection to start of recovery, (start Rec) 
injection to 25% twitch recovery(REC 25%), injection 
to 75% (REC 75%) twitch recovery, injection to 90% 
(REC90%Z) recovery, time from 25-75% (REC 25-75) of 
twitch recovery as well as time from second dose 

to onset of maximum block (2nd dose max) and 90% , 
recovery after second dose(2nd dose 290%). At the 
conclusion of surgery neuromuscular blockade was 
antagonized with neostigmine 2.5 mg and glycopyrro- 
late 0.5 mg. One-way ANOVA was performed to deter- 
mine significance of differences between the groups. 
A p < 0.05 was considered statistically significant. 
All values are expressed as mean + standard devia- 
tion. 

Results: The results of the study are summarized in 
Table 1. There was no significant difference be- 
tween the two groups in age, weight, preoperative 
K*, time from last dialysis or duration of surgery. 
There also was no difference in onset of SDC block, 
SDC90%, onset of NDP block and REC25%, 75% or 90% 

as well as maximum blockade achieved with a single 
dose of NDP. Furthermore, there was no significant 
difference between the two groups in the onset time 


after the second dose however, there was a signifi- 


cant difference in 90% recovery after the second 
dose of VEC as opposed to ATR (p < 0.02). 


Discussion: Hunter, et al (1,4) combined the data 


from two separate studies of patient with renal 
failure and found no difference in the time of recov- 
ery(T; 10%) from a single dose of VEC (0.1 mg/kg) or 
ATR (0.5 mg/kg), as well as recovery from increment- 
al doses of VEC(0.04 mg/kg) or ATR(O.2 mg/kg). Simi- 
larly, we found no difference in patient's recovery 
after a single dose of ATR or VEC and after a 2nd 
dose of ATR. We did find however, that VEC does 
accumulate after a 2nd dose in the renal transplant 
patient. This would agree with the findings of 
Bevan et al (5), who demonstrated accumulation of 
VEC after achieving 95% blockade with 20-50 g/kg 
boluses and at least 10 subsequent boluses of 10 
pg/kg to maintain block. 

The question whether isoflurane has a greater 
effect on ATR or VEC neuromuscular block has not 
been answered. We therefore maintained the same end 
tidal concentration of isoflurane in the two groups. 

All patients were easily reversed with neostigmine 
and glycopyrrolate. Accumulation of MR is clinical- 
ly relevant if one is to administer them indiscrimi- 
nately without adequate monitoring and might be more 
significant in these patients who demonstrate accumu- 
lation with VEC. 


TABLE 1 
Group 1(ATR) Group 2( VEC) 

n=7 n=7 P 
SDC Max (mins) 1.4 + .6 1.6 + 0.4 NS 
SDC 90 (mins) 12.5 + 2.5 10.5 + 4.4 NS 
REC Max (mins) 3.2 + 1.4 4.7 + 3.6 NS 
Start REC 19.4 + 9.0 20.7 + 6.8 NS 
REC 25 34.5 + 12 43.7 + 33.6 NS 
REC 75 51.1 + 22.9 80.5 + 67.3 NS 
REC 90 58.5 + 28.1 88.1 + 68.0 NS 
Ty/T, 80% REC 69.8 + 28.4 94.3 + 56.0 NS 
Max Block (%) 99.6 + 0.9 97.6 + 3.7 NS 
25-75% 16.6 + 12.8 37.1 + 35.0 NS 
2nd dose Max 2.0 + 0.6 2.5 + 0.6 NS 
2nd dose 90% 54.0 + 15.2 92.8 + 5.9 < 0.02 
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Introduction: Severe hypertensive episodes postopera- 
tively can be associated with left ventricular fail- 
ure, pulmonary edema, myocardial infarction, arrhyth- 
mia and cerebral hemorrhage (1). Postoperative hy- 
pertension is most likely to occur in the first 30 
minutes with resolution in 4 hours in most instances 
(2). Postearotid endarterectomy hypertension is a 
fairly common phenomenon with incidences as high as 
56% (3) that can be associated with postoperative 
mortality and neurologic defect (4). Control of 
blood pressure (BP) in this patient population is 
desirable and labetalol may be a useful agent due to 
its combined a and 8 adrenergic blocking activity 
(5). We evaluated the use of intravenous labetalol 
for the control of hypertension in the post carotid 
endarterectomized patient. 


Methods:Twenty-one ASA II-IV patients scheduled for 
elective carotid endarterectomy were studied with 
Institutional Review Board approval and informed 
consent. Patients were excluded on the basis of 
medical history that might contraindicate the use of 
g or a adrenergic blocking agents. Postoperative 
hypertension was defined as a supine systolic BP 2 
200 mmHg and/or a diastolic BP 2 100 mmHg or a su- 
pine systolic BP 2 20% over the highest average pre- 
operative systolic BP. Highest preoperative BP is 
the average of 3 consecutive BP measurements 1 min- 
ute apart after the patient rested quietly for 5 
minutes. Patients were premedicated with morphine 
0.08 mg/kg and atropine 0.4 mg IM. Induction util- 
ized thiopental 4-6 mg/kg followed by succinylchol- 
ine 1 mg/kg for intubation. Maintenance was with 
fentanyl 4-6 ug/kg, N20/0> in a 60/40 ratio and iso- 
flurane titrated to an inspired concentration neces- 
sary to maintain hemodynamic stability. The study 
commenced with cessation of isoflurane administra- 
tion. The average of 3 consecutive BP measurements 
30 seconds apart were monitored and recorded with a 
calibrated strip chart. EEG monitoring during the 
surgery and labetalol treatment and maintenance peri- 
od was performed utilizing aperiodic analysis. La- 
betalol was administered once entrance BP criteria 
had been reached utilizing an initial bolus of 20 
mg. and an additional injection of 40 mg over a 2 
minute period every 10 minutes until a desired ef- 
fect was ootained or a total maximum cummulative 
dose of 300 mg was administered. BP and heart rate 
(HR) was determined immediately before, 5 and 10 
minutes after each injection until goal BP was 
reached and maintained for 15 minutes. Goal BP was 
defined as a BP < 10% above the highest average pre- 
operative BP or a systolic BP < 150 mmHg. Afterward 
BP was recorded every 15 minutes for 1 hour ard ob- 
served for 2 more hours at 30 minute intervals. No 
concomittant diuretic or antihypertensive therapy 
was utilized during the study period. Changes in BP 
before and after labetalol were analyzed by paired t 
test. A p value < 0.05 was considered statistically 
Significant. 


Results: Twenty-one patients were entered inte the 
study with 10 developing BP high enough for treat- 
ment with labetalol. Eight had a history of hyper- 


tension (mean age was 66.0 + 7.1 with 5 male and 5 
female:. Eight patients required a single 20 mg 
inject..on of labetalol, 1 required a total dose of 
60 mg and 1 required 100 mg. All patients reached 
and maintained their goal BP during the maintenance 
period and required no further intravenous medica- 
tion for BP control during the first 24 hours postop. 
Table | demonstrates control, pre and post treatnent 
(Rx) Æ values. Statistically significant decreases 
in sysolic, diastolic and mean arterial pressure 
was noted when goal BP was reached as well as 5, 10, 
30, 60 and 120 minute after labetalol Rx as compared 
to pre Rx BP. There was no statistically signifi- 
cant difference in HR at any Rx time. No patients 
became hypotensive and no adverse electroencephalo- 
graphiz changes were noted after labetalol treat- 
ment. 


Discusion:Labetalol has been demonstrated to be a 


useful agent for the reduction of BP in severe hy- 
pertersion crisis (6). The 8 to a adrenergic blcek- 
ing activity ratio is 7:1 with an onset of acticn in 
1-2 minutes and maximum effect in 10 minutes and an 
elimirazion ¥% life of approximately 5 hours. As 
compar2d to an equal antihypertensive dose of prc- 
pranol>l, there is a slight decrease in HR with mini- 
mal if any effect on normal cardiac output (5). We 
utilized the same dose as described in those studies 
on nor surgical hypertensive cases and found this to 
be a wseful and effective treatment. The resporse 
was ræ id, well maintained, with no demonstrated 
side effects or deliterious effect on the EEG. 


Table 1 
Preop Immediate Immediate 
Baseline Pre Labetalol Post Labetélol 


ee e ara 


BP Sys 142.24+19.1 181.2+20.8 147.7419.5 
BP Dis 78 .0+9.7 85.7+416.6 68.4+10.9 
MAP 99 .4+10.5 117.5415.5 94 .84+12.1 
HR 81.3+13.4 83.6418.5 70.4+9.8 
10 min. post 30 min. post 2 hrs. post 
Labetalol Labetalol Labetalol 
BP Syg 148.6+22.5 143.1419.4 137.4415.1 
BP Dis 76.84+13.4 61.7+12.2 60.2+11.5 
MAP 97 4414.1 89.8+11.9 85.9411.1 
HR 70.4+9.8 66.0347 .8 70.2+11.C 


p < 0.001 baseline vs immediate pre Rx BP 
p < 0.902 immediate vs all post Rx BP 
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Tntroduction. Percutaneous transtracheal 


ventilation is a lifesaving procedure in severe 
upper airway obstruction. Intermittent jets of 
oxygen provided good ventilation through a 14 g 
needle or catheter (1.47 mm ID) (1,2). However, in 
complete airway obstruction this technique has the 
potential to severely increase tracheal pressure 
and barotrauma. An alternative is to use larger 
bore cannulas (2.5 mm ID with oxygen and 3.0 mm 
with air) with a bag-valve assisted respiration 
(3). In this study we evaluated a standard 10 g 
catheter (2.4 mm I.D.) and a new portable Venturi 
device (PVD) that delivered positive pressure. 
Methods Thirteen pigs, each weighing 27 to 41 kg, 
were used to simulate the human model. General 
anesthesia was induced with ketamine 30 mg/kg and 
promazine 3 mg/kg IM; it was maintained with an 
infusion of pentobarbital 4 mg/kg/hr IV. The 
trachea was intubated with a cuffed oral tube. 
Animals were monitored using pulmonary artery and 
arterial catheters for blood gas analysis and 
pressure measurement. A catheter was placed in the 
lower end of the trachea to measure airway 
pressure. Baseline measurements were recorded 
while the animals breathed air. The oontrol group 
(Group I, n = 5) spontaneously breathed 100% oxygen 
for six minutes, after which muscle paralysis was 
induced with succinylcholine 1.5 mg/kg IV. After 
the pig stopped breathing, the tracheal tube was 
occluded. The protocol and anesthesia for Group II 
(n = 8) was similar to group I up to and including 
the point of tracheal occlusion. At this point 
ventilation was instituted using a 10 g catheter 
(ID 2.4 mm inserted through the tracheal wall 
distal to the end of the endotrachael tube and 
connected to the WD with a standard 3.0 mm 
endotracheal tube connector. The FVD 
(Percussionaire Corp.) used oxygen from a 50 psi 
source, and delivered an FIO2 between 0.68-0.92. 
At operating pressures, the WD celivered 
inspiratory flows up to 100 LPM and oscillated at 
about 0.5 Hz. After 16 minutes of ventilation the 
plug was removed from the tracheal tube and the 
animal was ventilated with a Harvard pump until it 
resumed spontaneous ventilation; then the entire 
procedure was repeated two or three times for each 
animal. Data were recorded every 30 seconds for 
the first five minutes and every minute thereafter 
or until cardiovascular collapse occurred. 

Results Results are summarized in Table I. In 
qroup II, all replicates of the same animal were 
averaged. Asphyxia produced cardiorespiratory 
failure in every animal in group I in less than six 
minutes. At five minutes Padd2 and mean pulmonary 
artery pressure increased significantly while PaQ2 
decreased significantly. In contrast, group II 
showed marked cardiovascular stability. Throughout 
the experiment, mean systemic arterial pressure was 
comparable to baseline but showed a small decline 
after 16 minutes of ventilation. The mean 
pulmonary artery pressure followed a similar trend. 
Heart rate remained stable. Peak airway pressure 
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showed a constant peak value of 14 œ H20 and an 

end-tidal value of 5-7 cm H20. Animals maintained 

normal values of PadO2 and pH. Pa02 showed a 

steady increase in every animal over time. 

Discussion. The WD controlled ventilation with an 

adequate gas exchange when we used a 2.4 mm I.D. 

transtracheal catheter (standard 10 g angiocath). 

Treated animals showed a remarkable stability in 

cardiorespiratory parameters. The concurrent 

presence of continuous positive airway pressure as 

a baseline airway pressure of 5-7 am H20 and the 

low oscillation may explain that the Pa02 is much 

higher than previously reported (range 96-78 torr 
with oxygen) using a larger orifice (3). This 

finding reinforces the hypothesis that a 

transtracheal orifice of 2.4 mm ID and an 

appropriate flow-interrupted cycle are critical to 
assist or control ventilation during complete upper 
airway obstruction. 
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TABLE I 


Baseline Seconds after tracheal occlusion 


pH group 1 7.39 +. . 
group 2 7.37 +.05 7.36 


Pac02 group 1 36 +14 36 +4 52 +3* - 


(mmHg) group 2 38 +3 43 +5 41 45 39 +6 
Pa02 group 1 72 +9 192 +27 13 +588 - 
(mmHg) group 2 89 +10 333 +54 461 +41 500 +59 
HR roup 1 98 +16 96 +16 124 +4 = 


9 
(beats/min) group 2 116 +23 115 +28 113 +24 107 +19 


MAP group 1 89 +18 94 +18 62 +19 = 
(mm Hg) group 2 101 +12 94 +8 86 +11 85 412 
MP AP group 1l 16 +2 12 +3 25 +4# - 
(mm Hg) group 2 20 +3 24 +4 21 +3 19 +3 


HR = heart rate 

MAP = mean arterial pressure 

MPAP = mean pulmonary artertal pressure 

Comparison between data at 90 soc and 300 sec after 
occlusion: *® = p<0.05 and ®* p<0.001 

mean + SD 
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Introduction. Positive end expiratory pressure 
(PEEP) breathing is known to increase lung volume 
from its resting position (functional residual 
capacity, FRC), but this may be counterbalanced by 
increased tone in the abdominal muscles because 
positive pressure breathing increases abdominal 
Muscle contraction during expiration. Therefore 
FRC changes are less or the ribcage compartment is 
affected more (1) than the abdominal compartment 
(i.e., diaphragn) due to the increased abdominal 
muscle tone. Since diaphragm length is coupled to 
abdominal volume, abdominal muscle contraction is 
anticipated to lengthen the diaphragn. We tested 
this hypothesis by using a new technique to measure 
costal (cos) and crural (cru) diaphragmatic length 
at different levels of PEEP. 


Methods. Diaphragnatic length was measured by 
sonomicrometry in six dogs anesthetized with 
30mg/kg of pentobarbital and intubated with a 
cuffed endotracheal tube (ET). The sonomicrometer 
was a four-channel ultrasonic device (Triton 
Technology, San Diego, CA) that measures distance 
between pairs of small transducers which consist of 
a ferroelectric ceramic plate covered with a 
biconvex polyester diverging lense (2mm diameter). 
The transit time of the ultrasonic wave is 
proportional to the length of muscle. Dogs were 
breathing spontaneously 40% 02 through a one-way 
Hans-Rudolph valve and the exhalation line placed 
under water at different levels to adjust for 4-8- 
12 and 16 cm H2O of PEEP. A mass spectrometer 
monitored FIO2 and end tidal 002. Tidal volume 
(VI) was obtained from the integrated flow signal. 
Abdominal pressure (Pab) was measured by a 5 œ 
latex balloon placed in the subphrenic space. 
Airway pressure (Pao) was recorded at a side port 
on the ET and reflected actual PEEP. In addition 
to length changes, electromyograms (EMG) of both 
the costal and crural portion of the diaphragm were 
obtained. At each level of PEEP, control 
measurements of Pab, VI, EMG, and tidal shortening 
as per cent of resting length at FRC (% LFRC) were 
repeated when breathing had become regular. At the 
end of the experiment the animal was paralyzed with 
atracurium (0.5 mg/kg), passively inflated to total 
lung capacity, and the diaphragn length changes at 
different Pao were recorded. 


ts d _ Discussion. Table 1 shows the 
significant increase in abdominal muscle activity 
with the level of PEEP. The resting length of the 
diaphragm at end expiration (where the effect of 


PEEP =s maximal) is shown in Table 2. This 
suggests that abdominal muscle contraction 
Significantly increases the resting length of both 
parts =f the diaphragm and increases FRC primarily 
by expansion of the lower rib cage. Increased 
length during passive inflation at identical airway 
pressure is compatible with the lack of abdominal 
tone. Since the VI was unchanged and the active 
shortering of the diaphragm during tidal breathing 
increazed significantly from 10 + 2.1 S%LFRC (at 
zero PsEP) to 17 + 2.1 %LFRC (at PEEP 16) for cru 
and from 9.6 + 2.4 %LFRC (at zero PREP) to 14 + 
3.0 $I1-RC (at PEEP 16) for œs the diaphragmatic 
contribution to tidal volume increased at higher 
lung v2lumes. Optimum muscle length in relation to 
genera-.ed pressure is about 5% below LFRC (2) for 
costal diaphragn, therefore PEEP in the range of 4- 
8 cm £20 may still preserve optimum force output. 
Howeve-', increasingly less shortening is seen with 
stimul.ition at higher lung volumes. 
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Table 
PEEP cmH20 
4 8 12 16 
Pab cm420 1.5 #£0.3 3.2 +4 0.4 4.0 + 0.3 5.8 + 0.6 
mean + SEM 
Table 2. 
SLFRC cru SZLFRC cos 

end-expiration paralysis oend-expfration paralysis 

PEEP 8 =mH20 4.3 + 2.6 7.2 ż 2.6 3.2 + 0.6 5.3 + 1.8 

r 

PEEP 16 żmH20 8.5 + 2.0 15.0 + 4.0 4.9 + 0.9 13.0 + 3.0 


mean + SM 
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Introduction: Lumbar epidural administration of 
morphine has been shown to be effective in providing 
post-thoracotomy analgesia (1), and reports suggest 
that naloxone is effective in the reduction of side 
effects without concurrent loss of analgesia (2,3). 
To examine the effects of naloxone after prophylactic 
lumbar epidural morphine for post-thoracotomy 
analgesia, a double-blind, randomized, 
placebo-controlled pilot study was initiated with the 
objectives of examining 1) the quality of analgesia 
and 2) the incidence of side effects obtained with 
each dose regimen. 


Methods: Twenty four patients scheduled for 
thoracotomy as a result of pulmonary disease gave 
informed consent. The protocol was approved by our 
Human Research Committee. The patients were 
instructed preoperatively in scoring the visual 
analogue scale (VAS). Premedication was with oral 
diazepam and a standard anaesthetic technique was 
employed using thiopental, isoflurane and fentanyl 
supplementation (2~5yg/kg). A lumbar epidural 
catheter was inserted and placement confirmed prior 
to induction. Preservative-free morphine sulphate 
(0.1 mg/kg} was administered with the patient supine 
as soon as possible after confirmation of catheter 
placement. Patients were randomly assigned to one of 
the four study groups. 





Continuous 


Group Single I.V. Bolus Infusion X 24 Hours 


I Normal Saline Normal Saline 

II Naloxone 0.4 yg/xg Naloxone 0.4 yig/kg/h 
III Naloxone 2.0 pg/«g Naloxone 2.0 pg/kg/h 
IV Naloxone 4.0 pg/kg Naloxone 4.0 yg/kg/h 





Postoperative analgesia was provided with intravenous 
morphine in 1 mg increments as required. Prior to 
the start of study medication, VAS scores were 
recorded and repeated hourly (while awake) for 24 
hours. Side effects were recorded. One hour after 
arrival in Recovery Room, each patient received, a 
Single, slow, intravenous bolus followed within 
thirty minutes by a continuous infusion. The volumes 
for the bolus and continuous infusion were 
standardized across study groups. 


Primary efficacy variables were: 1) total amount of 
intravenous morphine administered; 2) longest 
interval between analgesics and 3) VAS. Statistical 
Significance was evaluated by one way analysis of 
Variance with a p value = 0.05. 


Results: The study population consisted of 18 men 
and 11 women. Differences in age, height or weight 
between the groups were not significant. 


There were no significant differences between groups 
for any of the three prinary efficacy variables. 


However, definite trends appeared for all efficacy 
variables with the placebo group having the best mean 
scores. 


I.V. Longest Interval 
Group N Morphine Between Analgesia VAS 
I 7 23.6 mg 436.4 min 33.2 
II 8 23.4 mg 375.6 min 37.1 
III 7 27.0 mg 247.9 min 47.5 
IV 5 30.4 mg 115.0 min 54.9 
p <.25 .10 <p .25 .l0<p<.25 





Three patients had their study medication 
discontinued because of moderate to severe pain that 
was uncontrollable with intravenous morphine. These 
three patients belonged to the high dose naloxone 
group and consequently this group was not continued 
beyond the five patients. There were no significant 
differences nor were any trends noted, in the 
incidences of respiratory depression, nausea and 
vomiting, pruritus or urinary retention between 
groups. 


Discussion: Two recent reports have suggested 
naloxone infusions might be useful in the prevention 
of side-effects associated with epidural morphine, 
without affecting analgesia (4,5). Both used a lower 
dose of epidural morphine and a higher naloxone 
infusion concentration. It iS apparent from the 
results of our pilot study that analgesia was 
detrimentally affected by prophylactic naloxone 
infusions in the dose range studied. Side effects of 
epidural morphine were not decreased. Because of the 
small numbers in each group, statistical analysis 
failed to show significant differences in the 
efficacy variables. However Our clinical 
Observations and the trends in pain experienced, 
convinced us that this particular technique cannot be 
recommended. 
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Pure alpha agent phenyephrine(Phen) is not 
used to treat maternal hypotension because 
it may increase blood pressure (BP) without 
increasing the cardiac output (Q). Ephedrine 
(Eph) with alpha and beta action is 
preferred.This study compares maternal 
hemodynamic changes with Eph or Phen therapy 
used for maternal hypotension caused by 
lumbar epidural anesthesia (LEA) 

Methods:The study was approved by the review 
board.Patients gave informed consent.Fifty- 
two healthy patients scheduled for elective 
cesarean section (age 31+5,weight 69+5 kg) 
were given 1200 ml Ringer lactate i.v..LEA 
was induced to T6 level by injecting 5 ml 
increments of 1.5% lidocaine with 1:200,000 
epinephrine through a L3-L4 catheter. The 
uterus was displaced to the left.An 
impedance cardiograph was used to measure 
stroke volume (SV),preejection period (PEP) 
and ventricular ejection time (VET).PEP was 
measured from the onset of Q wave of the EKG 
to the onset of ventricular ejection on the 
dz/dT tracing (point X).VET wds measured 
from point X to the the the second heart 
sound on the phonocardicgram.Gerrad’s 
formula was used to calculate ejection 
fraction: EF=1.125-1.25 PEP/VET+.End 
diastolic volume (EDV) was calculated by 
dividing SV by EF.Systemic vascular 
resistance (SVR) was calculated from mean BP 
(BP) and Q. Any systolic pressure <100 torr 
was treated with 5 mg Eph or with 100 ug 
Phen,selected randomly ( n=12 in each 
group).The remaining 28 did not require 
vasopressor (Controls).Results were 
expressed as mean+ 1SE. Analysis of variance 
and t-test were used for statistics. 
Results: Neonatal Apgar scores and umbilical 
cord blood acid~base status did not differ 
among the groups.Baseline SV,Q,EDV,BP,HR,SVR 
and EF were similar in the groups.In control 
subjects only heart rate (HR) increased 
significantly at T6 (Table and Figure).In 
both hypotensive groups HR increased but 
BP,VET,EF,SV,Q and EDV were reduced during 
hypotension.Eph and Phen restored them to 
near normalcy.SVR did not differ 
significantly from the baseline values 
either during hypotension or after treatment 
with Phen or Eph (Fig). 

Conclusions: Data show that hypotension due 
to LEA is associated with decreased EDV 
(preload) with litlle change in SVR.The 
decreased preload was probably due to venous 
pooling caused by sympathectomy. Increased 
preload after vasopressor therapy suggests 
constriction of the capacitance bed.Thus at 
the doses studied both Eph and Phen increase 
BP by similar mechanisms (i.e. increased 


prelaad). The minimal change in EF seen 
after vasopressor therapy suggests only 
minoz ionotropic effect. Phen therapy was 
not associated with an increase in after 
load 'Both Eph and Phen probably caused 
decreased HR by baroceptor reflex. 
TABLA: NORMOTENSIVE PATIENTS (n=28) 
' HR BP VET PEP EF Q 
(torr) (Sec) (L/min) 
EP 80 90 0.32 0.08 0.65 5.5 
line; (2) (3) ==—=(. 00l] (0.3) 


T6 98* 89 0.28 0.07 0.65 5.9 
© (5) (3) ----(0.01)------ (0.2) 
! EPHEDRINE (N=12) 
Base! 79 90 0.32 0.07 0.67 5.2 
line (3) (3) ----(0.01)----~-- (0.3) 


Hypo! 107* 67* 0.19* 0.06 0.59% 4.3% 
tens_on (5) (2) ~--~(0.01)------ (0.04) 


(10) (3) — ----- (0.01)----- (0.4) 


Base! 80 83 0.31 0.06 0.7 6.1 
(3)'"C2). ° SSaSs OUl essas (0.3) 
Hypo! 99% 62* 0.22* 0.06 0.64* 4.7% 
tension (6) (2) = ----- (0.01 JF (0.4) 
Post | 79 82 03l 0.07 0.7 6.7 
RX (2) (2) S===(0.001 Jeae=— (0.6) 
*-si4qnificantly different from baseline and 
post=reatment values. 


O-O- EPHEDRINE 
AA PHENYLEPHRINE 








i O- CONTROL 


19 
1 EDV (ml) 


rd > 





SV (ml) 


SVR 
(dynes sec cm” 


Legend for figure:l=baselinen, 2=during 
hypozension,3=after vasopressor; *- differnt 
from:1 and 3 (p<0.01). 

Refe-ence: 

1)Gezrad CL et al: Circulation 42:455- 
462,970 


574 ANESTH ANALG 
1987;66:51-5191 


ABSTRACTS 


Title: EFFECTS OF ISOFLURANE ON THE HYPERDYNAMIC CIRCULATION OF BURNED PATIENTS 


Authors: S Gregoretti, M.D., S Gelman, M.D., Ph.D., A Dimick, M.D., J Proctor 
Affiliation: Departments of Anesthesiology and Surgery, University of Alabama at Birmingham, 


Birmingham, AL 35294 


Introduction: Patients with severe burns develop a 
hyperdynamic state characterized by a cardiac output 
(CO) 1.5-3 times higher than normal, tachycardia and low 
systemic vascular resistance (SVR) (1). This state results 
from an increased metabolic rate, anemia, and the 
development of a highly perfused vascular bed in the 
burned areas. Isoflurane, in normal subjects, has been 
shown to maintain CO and to decrease arterial blood 
pressure mainly by decreasing SVR (2) This study was 
designed to test the hypothesis that isoflurane does not 
depress the hyperdynamic circulation in burned patients. 


Methods: After IRB approval, 7 patients with major burns 
undergoing debridement and skin-grafting procedures 
were studied. All patients were without significant 
cardiac, pulmonary, hepatic or kidney dysfunction and 
were not septic. Patients' mean + SD age was 36 + 7 yrs, 
body weight 82 + 15 kg, burn size 46 + 10% body surface 
area (BSA), postburn day of study 10 + 9. Two patients 
were studied on two different occasions, 2 and 14 days 
apart, respectively. Pulmonary and systemic arterial 
catheters were inserted under local anesthesia and 
intravenous sedation with diazepam 5 mg and fentanyl 
0.1-0.25 mg. Anesthesia was induced with thiopental 4-6 
mg/kg, followed by vecuronium 0.1 mg-kg-! to facilitate 
intubation and maintained with N20 60% in oxygen and 
isoflurane at an end-tidal concentration of 0.7-0.9%, 
measured by mass spectrometry. Isoflurane and nitrous 
oxide concentrations were chosen to achieve a total 
potency of 1.3 MAC. Ventilation was controlled to 
maintain PaCO?2 within normal limits. Ringer's lactated 
solution and blood were administered to keep pulmonary 
capillary wedge pressure (PCWP) within normal range and 
hematocrit (Hct) approximately 30%. HR, mean arterial 
pressure (MAP), CO, PCWP, right atrial pressure (RAP), 
Hct, arterial and mixed venous blood gases and oxygen 
content were measured before induction of anesthesia 
(Stage I, baseline); after induction, when desired end-tidal 
isoflurane concentration had been kept constant at least 
15 minutes (Stage II); after end of surgery but still under 
anesthesia (Stage III); in the recovery room 1 to 3 hours 
after anesthesia (Stage IV). Cardiac index (CI), stroke 
volume index (SVI), and SVR were calculated using 
standard equations. Total body oxygen consumption 
(VO2) was calculated by the Fick equation. Statistical 
analysis was performed using student's t-test for paired 
data; p < 0.05 was considered significant. 


Results: All patients were in a hyperdynamic-hyper- 
metabolic state. Hemodynamic and metabolic effects of 
isoflurane anesthesia are summarized in Table 1. No 
significant differences were detected between Stage II 
and Stage III. After anesthesia, when the patients were 
awake and breathing spontaneously in the recovery room 
(Stage IV), all variables were back to baseline values. 
Baseline (Stage I) pH was 7.43 + 0.02, PaCO2 was 37.4 + 5 
mmHg, and Hct was 30% + 3.5% and did not change 
throughout the study period. 


Discussion: Isoflurane decreased CI by decreasing both 
HR and SVI. However, the decrease in SVI was 
statistically significant only at Stage II]. The already low 
SVR did not change and the decrease in MAP was 
proportional to the decrease in CI. These changes are 
different from those reported in normal subjects in whom 
isoflurane decreased MAP mainly by affecting SVR and 
maintained CO close to normal values by increasing HR 
(2). Following induction, the high YO decreased 
approximately 50%, approaching the value reported for 
unburned anesthetized patients (2). The concomitant 
decrease in CI was associated with a decrease in AVDO?2 
and no evidence of metabolic acidosis, suggesting that the 
change in CI was a consequence of the reduced metabolic 
requirements. CI decreased proportionally less than VO 
(32% vs 50%), indicating that under isoflurane anesthesia 
total body oxygen supply-demand balance was well 
maintained. The posed hypothesis is rejected: isoflurane, 
even at moderate concentrations, decreased CO in burned 
patients. However, the decrease in CO was associated 
with a parallel decrease in VQ> so that at all times an 
adequate total body oxygen supply-demand balance was 
maintained, suggesting that isoflurane can be safely used 
in anesthetizing hyperdynamic burned patients. 


Table 1. 
CARDIOVASCULAR EFFECTS OF ISOFLURANE 
IN BURNED PATIENTS (Mean + SD) 


Variable STAGEI STAGE! STAGE Wl 
HR 126413 110+12+ 1004 114+ 
MAP 92 4 19 64 4 7+ 65 + 8+ 
CI 6.5 + 0.9 4.6 + 0.7+ 4.7 +0.6+ 
SVI 52 + 10 42+9* 47411 
SVR 236 + 176 506+107 496+ 13! 
PCWP 12 + 2.0 10 + 2.6 10 + 2.6 
RAP 9 + 2.0 $+ 3.1 9+ 2.4 
AVDO? 3.4 + 0.4 2.6+0.6* 2.34 0.5+ 
VO2 221 + 40 120+ 25+ 106+ 13+ 


Stages I-III (see text for explanation). HR = heart rate 
(bpm), MAP = mean arterial pressure (mmHg), CI = 
cardiac index (l-min-l.m-2), SVI = stroke volume index 
(ml-beats-1.m-2), SVR = systemic vascular resistance 
(dynesssec-!.cm->), PCWP = pulmonary capillary wedge 
pressure (mmHg), RAP = right arterial pressure (mmHg), 
AVDO? = arterio-venous oxygen difference (ml-dl-1), 
VO2 = total body oxygen consumption (ml-min-1-m-2). 
* p < 0.05, +p < 0.01. 
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Introduction: Intravenous regional anesthesia Resuizs: Leakage pressures were obtained with 


has been associated with toxic symptoms, cardiac 
arrest, and even death. It has been shown” that 
venous pressure during injection can equal or 
exceed the effective tourniquet pressure (TP), 
thereby allowing injected solution to leak under 
the tourniquet and into the general circulation. 
The effective TP is the pressure transmitted to 
the underlying arteries and veins of the arm. 
Previous work has demonstrated that the effective 
TP with a double tourniquet averages 80-100 mmHg 
less than the registered intracuff TP. That 
study, however, utilized the common practice of 
inflating only the proximal cuff at the time of 
injection. The main factor relating effective TP 
to intracuff (gauge) TP is the width of the 
tourniquet in relation to the size of the limb. 
Double tourniquets are advantageous and commonly 
used during intravenous regional anesthesia, but 
by anatomic necessity each cuff can only be 5-6 cm 
wide. Inflation of both cuffs during injection 
may provide a higher effective TP. This has not 
to date been evaluated. Deflation of the distal 
cuff a few minutes after injection would preserve 
the capability of later relieving intraoperative 
tourniquet pain, and still provide additional 
protection from leakage during injection. The 
purdsose of this study was to investigate the 
relationship between the intracuff (gauge) 
pressure and the effective TP for three different 
tourniquet types. 

Methods: Following approval by the Clinical 
Research Practices Committee and after informed 
consent was obtained, we inserted two 20 g. 
catheters in the antecubital veins of ten healthy 
volunteers. We measured venous pressures through 
one catheter, and injected saline solution through 
the other. Three injections of 50 ml of saline 
were made over 20-25 seconds with a different 
tourniquet for each injection. A five minute rest 
period between injections was adequate to allow 
identical results to be obtained during repetitive 
testing of selected volunteers. A wide tourniquet 
(13 cm sphygmomanometer cuff - termed BP cuff), a 
double tourniquet (Zimmer Inflato-Matic, each cuff 
6.1 cm wide) with the proximal cuff inflated 
(termed DBL 1), and the same double tourniquet 
with both cuffs inflated (termed DBL 2) were used 
in random order. All tourniquets were inflated to 
an intracuff (gauge) pressure of 300 mmHg. Venous 
pressure curves were obtained during injection for 
the different tourniquet types. Data is presented 
as mean + SE and was analyzed by one way analysis 
of variance followed by paired t-tests, wit 
p<0.01 considered significant. Previous data 
using xenon-133 revealed that leakage of solution 
under the tourniquet coincides with the presence 
of a venous "plateau" or "leakage" pressure, and 
that the rapid 50 ml antecubital injection without 
prior exsanguination would produce a leakage 
pressure in all volunteers. The leakage pressure 
is the maximum venous pressure obtainable during 
injection. 


all ir‘=ctions. The BP cuff provided the highest 
leakag= pressure (i.e. - best protection against 
leakag=), and was significantly greater than with 
DBL 2 «= DBL 1 (table 1). The leakage pressure 
for DEL 2 was significantly higher than for DBL 
l. Tos maximum improvement of leakage pressure 
for DIT 2 as compared to DBL 1 was 26 mmHg. Two 
subject= differed in these values by <2 mmHg. 
Venous pressure in all subjects decreased to <100 
mmHg ~ zhin one minute after completion of the 
injecttikn. Venous pressure equilibrated to 
approrszately 40 mmHg by several minutes after 
injectE=xn. 

Disa_ssion: At the same intracuff pressure, 
the -céta indicate that the BP cuff provides 
greater protection against leakage than either DBL 
l or ITE 2. Despite similar overall widths, DBL 2 
is cleerly not equivalent to the BP cuff. Between 
DBL 1 and DBL 2, the use of DBL 2 provides a 
statizt-cal improvement in effective TP. Two of 
the t=. subjects, however, had nearly identical 
leakare pressures for DBL 1 and DBL 2. The rapid 
declire for all subjects in venous pressure after 
injec-:on indicates that deflation of the distal 
tourn «wet several minutes after injection would 
not b= associated with a risk of venous leakage. 
Venou pressure should still be high enough to 
cause ».iffusion and resultant anesthesia under the 
dista tourniquet. The use of this technique in 
combi_.=jon with other techniques previously 
repor_-.1° should help to avoid leakage of injectad 
anestisiic solution under the tourniquet. The 
seque:_ial use of double tourniquet cuffs allows 
relie” of intraoperative tourniquet pain, but 
anesti+siologists should be aware of the potential 
short=snings of this tourniquet type. The 
effec-_ze TP of a double tourniquet with the 
proxiaal cuff inflated averages nearly 80 mmHg 
less =mn the gauge pressure, and can usually be 
modera-2ly improved by simultaneous inflation of 
the cover cuff. By avoiding leakage and keeping 
the ear=sthetic isolated in the limb, one would 
expec a decrease in the incidence and severity of 
toxic symptoms, and an increase in the percentage 
of suxessful blocks. 


Table 1: Tourniquet Types and Leakage Pressures 


Tourrfquet Intracuff (gauge) Leakage Pressure 


Typ pressure (mmHg) (mmHg ) 
BP c 300 294 + 2 
DBL Z suff 300 236 + 3 
DBL 1 =uff 300 224 + 4 
Refrences: 


1. He=th ML: Bupivacaine Toxicity and Bier 
BE~ks. Anesthesiology 59:481, 1983. 

2. Grre SC, Morell RM, Balestrieri FJ, Stump DA, 
HG=rd G: Intravenous Regional Anesthesia: 
E\=tuation and Prevention of Leakage Under the 
Tcaniquet. Anesthesiology 63:A221, 1985. 
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Introduction. Narcotic analgesics (NA) are 
limited in their ability to reduce enflurane MAC in 
the dog (ceiling effect) .1 Controversy exists about 
the interpretation of these observations, especially 
since NA are widely used as anesthetics in man. The 
plasma concentration vs anesthetic effect 
relationships have been defined for alfentanil (Alf) 
in human patients.? This study was done to define 
the alfentanil concentration vs anesthetic effect 
relationship in the dog using MAC reduction as the 
model 

Methods. Fasting mongrel dogs (n=10) weighing 
16 + 1 kg ( Mean + SEM) were each given 
succinylcholine 100 ug/kg and atropine 100 ug/kg and 
anesthesia was induced with 5% enflurane (Enf). 
Following tracheal intubation, mechanical 
ventilation maintained arterial blood gases in the 
normal range. Ringers lactate solution (12 + 0.5 
ml .kg~*4tmin7?) was infused and body temperature was 
maintained within + 1.5°C. Heart rate and rhythm, 
urinary output, amd end-tidal enflurane 
concentration were monitored. Alfentanil arterial 
plasma concentration [ALF] was determined by 
radioimmunoassay. After determination of control 
enflurane MAC (EMAC) as previously described! all 
but one animal received at least four consecutively 
increasing infusions rates of Alf (Table). A 
priming infusion was administered over 20 min prior 
to each maintenance infusion. After a one-hour 
stabilization period, EMAC was again measured for 
each infusion rate. [ALF] was determined 45 min 
after the start of each new infusion rate and then 
every 15 min until EMAC was determined. The 
differences between EMAC reductions were evaluated 
by Student's T-test. 

Results. Progressively increasing infusion 
rates (x) produced incremental increases in [ALF] = 
38x - 39, y=0.999. However a ceiling effect was 
observed for EMAC reduction (Table). The lowest 
infusion rate produced an EMAC reduction of 24% at 
an [ALF] of 17 ng/ml. The average peak EMAC 
reduction was 70 + 3% with an infusion rate of 32 
ug.kg`l.min l and an [ALF] of 1150 Ł 142 ng/ml but 
this degree of EMAC reduction was not statistically 
different from that produced by an infusion rate of 
8 ug «kg7? .min7? (69 + 6.0% EMAC reduction at 223 + 
13 ng/ml). 

Discussion. Alf at progressively increasing 
dose-rates produced a concentration-dependent 
reduction of EMAC but a ceiling effect was 
evident. Of significance is the observation that 
the degree of MAC reduction produced by Alf (69% at 
8 ug .kg~? min?) is not unlike that produced by 
fentanyl (65% at 0.8 ug.kg~!.min™!) at plasma 
concentrations of 223 and 30 ng/ml respectively. 
This potency ratio is similar to that found in man 
(7-10:1) although Scott el al. foumi a plasma 


Richard I. Hall, M.D. FRCP (C), 
Ph.D 


Fania Szlam, B.Sc., Cari C. Hug Jr., M.D. 


Car@iothoracic Anesthesia Division, Emory 
Atlanta, GA 30322 


concentration ratio of 75:1 (Alf:F) for an 
equivalent hypnotic effect documented by changes in 
the EEG. ? Could it be that there is a different 
plasma concentration potency ratio for sleep vs 
suppression of responses to noxious stimulation? 
Also noteworthy is the observation that the [ALF] 
required for maximum reduction of EMAC is not unlike 
that required for maintenance _of satisfactory N30 
anesthesia in human patients.? In fact, it has not 
been possible to use Alf alone to maintain 
satisfactory anesthetic conditions in human surgical 
patients even with much higher [ALF]. Hence, it 
seems that the dog and human are similar in 
exhibiting a ceiling effect of [ALF] which is 
inadequate for general anesthesia in the absence of 
supplemental drugs. 
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l. Murphy MR and Hug CC Jr: The anesthestic 
potency of fentanyl in terms of its reduction of 
enflurane MAC. Anesthesiology 1982;57:485-488. 
2. Ausems ME and Hug CC Jr: Plasma concentrations 
of alfentanil required to supplement nitrous oxide 
anesthesia for lower abdominal surgery. Br J 
Anaesth 1983;55:191s-197s 
3. Scott JC, Ponganis KV, and Stanski DR: EEG 
quantitation of narcotic effect: The comparative 
pharmacodymanics of fentanyl and alfentanil. 
Anesthesiology 1985;62-234-241. 
4. Hall RI, Angert KC, Reeder DA, et al. [Is 
alfentanil a complete anesthetic in humans? Abst. 
(Submitted for publication). 








Table. Plasma concentration of alfentanil [ALF] and 
degree of enflurane MAC reduction resulting from 
incremental infusion rates. (Values are Mean + 

SEM) 





Inf rate’ N [ALF] EMACS EMAC reduction 
(ng/ml) (%) 

Control l0 0 2.46 + 0.10 0 

0.625 z i3 1.93 + 0.26 24 + 5* 

is 9 4242 1.15 + 0.15 53 £ 6*,** 

8.0 7 223 +13 0.77 + 0.14 69+ 6 

32.0 9 1150 t 142 0.74 + 0.10 70 + 3%,*** 

80.0 9 3035 + 338 0.74 + 0.08 70 + 2%,*** 


$ Infusion rate ug.ekg 1. min 2 

$$ EMAC = enflurance vol % in end-tidal gas 
*p< 0.05 vs control 

**D<0.05 vs 0.625 ug .kg~!min™/ 


tt*n< 0.05 vs 1.6 ug .kg7 + min7 
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Introduction. The purpose of this study was 
to assess the incidence of complications related 
to epidural cathether insertion following two 
methods of local anesthetic administration. 


Methods. The protocol was approved by the 
Human Experimentation Committe2 at the University 
of Toronto. Patients in whom there was a 
contraindication to epidural analgesia or the 
drugs used were excluded and informed consent was 
obtained. Patients were randomly assigned to one 
of two treatment groups. Group I ("wet") 
received 3 ml of 1.5% lidocaine with 15 ug of 
epinephrine through the needle prior to catheter 
insertion. Five minutes later a second identical 
dose was administered through the catheter. If 
there was no evidence of intravascular or 
intrathecal injection, 4 ml of 1.5% lidocaine 
without epinephrine was administered. 

Patients in Group II ("dry") received no local 
anesthetic through che needle prior to insertion 
of the epidural catheter. After insertion, 3 ml 
of 1.5% lidocaine with 15 ug of epinephrine were 
injected as a test dose followed 5 minutes later 
by an additional 7 ml of 1.5% lidocaine without 
epinephrine. Maternal blood pressure and fetal 
heart rate were monitored for twenty minutes. 

Prior to catheter insertion all patients 
received fluid preload of 750-1000 ml of balanced 
salt solution. A Portex "Blue Line" catheter was 
used. The loss of resistance technique, 
injecting no more than 2 ml of air was used to 
identify the epidural space. 

Chi square and Student's t-test for unpaired 
data were used for statistical analysis. Ap 
value of less than 0.05 was considered 
Significant. 


Results. One hundred and fifty patients 
were studied; 73 Group I and 77 in Group II. The 
patients were similar in age, gravidy, parity, 
and cervical dilatation. 

The results are shown in the table. 


GROUP I GROUP II P VALUE 
rc 


O n=73 n=77 
PARASTHESIA 23(31.5%) 38(49.3%) p<.05 
IV CANNULATION 6(8.2%)  8(10.3%) ns 
CATHETER REIN- 7(9.5%)  11(14.3%) ns 
SERTIONS 
MORE LOCAL 11(15.0%) ` 9(11.6%) ns 


TIME TO ANALGESIA 11.8+/-6.6 11.4+/-7.7 ns 
(MINUTES) 
ns = no significant difference between Group I 


| Discussion. The incidence of parasthesia 
on catheter insertion was found to be 
significantly lower following the "wet" method 
compared to the "dry". Ten ml of air also 
reduces the incidence of parasthesia (1). 
Poss=tly the mechanical act of injection through 
the reedle decreases the incidence of parasthesia 
by pEysically moving nerve roots away from the 
neede. This study demonstrates that a very 
smal volume of local anesthetic (3 ml or the 
volure recommended as a test dose) is capable cf 
reduc:ng the incidence of parasthesias. Local 
anestłetic is preferable to air; injection of air 
may =ncrease the risk of air embolus (2). 
Althctgh a transient parasthesia is not 
dangerous, it may be uncomfortable, especially 
for the unpremedicated, pregnant patient. In 
addit'zon, involuntary movement of the lower limb 
may Ike sufficiently violent as to cause 
accivtiental dural puncture with the needle. 

ithe incidence of intravascular cannulatior. 
was “ke same for both groups. Ten ml of local 
anes~hesia through the needle may reduce the 
incirlence of intravascular cannulations (2). 
However, this volume could result in total 
spin., seizures or severe cardiac dysrhythmias 
if ascidentally given intrathecally or 
intra-enously (4). Large volumes of saline could 
be ured but this may dilute the local anesthetic 
makide it less effective in relieving labour 
pain | 

-n summary, administration of a 3 ml 
epidizal test dose of local anesthetic through 
the needle in patients receiving epidural 
analjesia reduces the incidence of parasthesia 
with jcatheter insertion. This technique is safe 
and may reduce patient discomfort during the 
proc-idure while providing effective and prompt 
pain \celief, 

| 
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Introduction, Altnough Patient Controlled 
Analgesia (PCA) has been reported to provide 
Superior analgesia and great patient satisfaction 
when compared to intramuscular injection, a recent 
Study, using morphina, failed to show a significant 
difference in quality of analgesia or dosage used 
wnen P.C.A. was comparad to IM administration in 
patients following casarean delivery (1). 

Oxymorpnone is a potent semi-synthetic narcotic 
analgesic, providing excellent anatgesia with mini- 
mal nistamine release, Its potential advantages 
Over morphine include a rapid onset, lower inci- 
dence of histamine release, and less sedation, 
These properties suggest oxymorphone to be ideally 
suited for use in P.C.A. We therefore proposed a 
Study to evaluate oxymorphone as a suitable narco- 
tic for P.C.A. in patients following elective 
C-section. Our experience using oxymorpnone in 
this setting is presented in 12 patients. 

Methods. Following institutional approval, 
written informed consent was obtained from 12 
patients undergoing elective cesarean delivery. 
Epidural anestnesia was provided for surgery using 
2% lidocaine with epinephrine 1:200,000 to obtain a 
T4 sensory level. Following delivery, a narcotic 
analgesic base was administered using 1 mg of 
oxymorpnone intravenously in four divided doses. 

In the PAR and for the next 24 hours, patients 
were able to self-administer further incremental 
doses of oxymorphone using the Bard Harvard PCA 
infuser when additional analgesia was required. 
The dosage administered was 4 mcg/kg pregnant 
weignt. We calculated this dosage regimen based on 
previous experience using morphine in this setting 
(6 mg morphine equivalent to 1 mg oxymorphone). 

Patients were continuously observed during the 
Study period. Pain scores and patient satisfaction 
scores were obtained at two hourly intervals for 
tae first 12 hours following delivery, and four 
hourly thereafter. In addition, the observer noted 
respiratory rates, degree of sedation, presence of 
pruritis, nausea and vomiting, and the need for 
supplemental medication during the study period. 

Results. A total of 12 patients (N=12) 
participated in the study. During the first 24 
hours following delivery, patients received an 
average of 16 mg oxymorpnone for analgesia (range 
9-24.5 mg). The total dose ranged from 0.11-9.29 
mg/kg witn a mean dose of 0.21 mg/kg. The mean 
hourly dose was .009 mg/kg/nr with a range of 0.005 
to 0.012 mg/kg/hr. 

The dard PCA pump records number of attempts at 
self-medication in addition to number of successful 
injections administered. Over 82% of tne time 
patients received a drug bolus when an analgesic 
demand was made, suggesting that the dose selected 
was adequate and that the onset of pain relief was 
rapid, occurring within the lockout interval of 
eight minutes of drug administration. 

Pain scores and patient satisfaction related to 
time are shown for the 24 hour study period. No 
patient complained of severe pain (pain score of 
7-10) during the study period. Seventy-two percent 
of patients reported complete satisfaction with the 
quality of their analgesia. 


Mild nausea, not requiring treatment, was 
observed in two patients, and a further’ two 
patients received compazine 10mg i.n. for nausea 
and/or vomiting. No patients reported nausea 
beyond eight hours following surgery. 

Transient mild facial pruritis, not requiring 
treatment, was observed in four patients. Neither 
the presence of pruritis or nausea could be related 
to dosage of narcotic received. 

Discussion. Oxymorphone provided satisfactory 
analgesia with extremely rapid onset of action when 
administered using patient controlled analgesia in 
the post-cesarean section patient. Altnough the 


majority of patients reported mild pain, even those 


reporting moderate pain {viseolinear pain scores of 
4-6) expressed complete satisfaction with their 
analgesia. It may be speculated that patients 
using patient controlled analgesia tolerate higher 
ain scores knowing that, if desired, tney may 
obtain rapid relief of their pain. 

The results of tnis prospective study show 
oxymorphone provides effective analgesia when used 
as patient controlled analgesia jn the 
post-cesarean section patient. Further studies 
comparing oxymorphone to opioids currently used for 
patient controlled analgesia are warranted. 

Reference. 

1. Harrison DM, Sinatra RS, et al.: Epidural and 
patient controlled analgesia for post-cesarean 
saction pain relief. SOAP, 1986. 
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B = VERY SATISFIED (7/13) 
C a SATISFIED (5/10) 
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Introduction. Toxicity of local anesthetics is 
related to their plasma levels and several studies 
have been aimed at determining plasma concentrations 
of local anesthetics during various block proce- 
dures. Moore et al. (1) have studied bupivacaine 
during supraclavicular brachial plexus block and 
Vester-Anderson et al. (2) have compared blood 
levels of mepivacaine administered by either the 
interscalene or axillary approach. However, in an 
attempt to combine the beneficial characteristics of 
different drugs, mixtures of local anesthetics have 
been used (3). Raj et al. (4) monitored plasma 
levels of mixtures ('compounds') of local anesthe- 
tics, but since the constituert anesthetics were not 
studied singly, it is not possible to determine 
whether mixing drugs affected their uptake and/or 
elimination. We therefore determined to monitor the 
venous plasma levels of bupivacaine and lidocaine 


when these were administered as a mixture or singly’ 


using the same doses during brachial plexus blockade 
to ascertain whether compounding the drugs has any 
effect. 


Methods. Fifteen ASA I or II patients scheduled 
for surgery of the hand, wrist or forearm, and who 
had consented to brachial plexus blockade by the 
axillary approach, were studied. Premedication was 
comprised of diazepam, 10 mg p.o., 1-1/2 hrs before 
anesthesia, and fentanyl, 0.1 mg IV immediately 
before starting the block procedure. The patients 
were divided into three grcups: Group I - Mixture: 
These patients received 20 ml 0.75% bupivacaine and 
20 ml 2% lidocaine containing 1:200,000 epinephrine. 
Group II - Bupivacaine: In this group, 40 ml 0.375% 
bupivacaine containing 1:200,000 epinephrine was 
given. Group III - Lidocaine: 40 ml 1% lidocaine 
was used. 

A stop watch was started with the injection of 
local anesthetic and venous samples withdrawn at 5, 
10, 15, 20, 25, 30, 40, 50, 60, 90 and 120 min. A 
paper record of the ECG was also made at these 
times. A close watch was kept for signs of a toxic 
reaction. The venous samples were analyzed for the 
relevant total and free local anesthetic. In addi- 
tion, the alpha-l-glycoprotein concentration was 
also determined for each patient. The weight and 
sex of each patient was noted. 

This study was approved by the Institutional 
Human Research Committee. 


Results. There was no significant difference in 
the patients' weights between each group. Mixing 
the local anesthetics bupivacaine and lidocaine had 
no significant effect on the peak venous levels of 
either the free or total local anesthetic (Table 1). 
However, aS is shown in Table 2, mixing the drugs 
influenced their uptake. There was a significant 
delay (p < 0.05) in reaching the peak total level 
for both lidocaine and bupivacaine when the drugs 
were mixed. In addition, the development of the 
peak level of free bupivacaine was also delayed. 
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TABLE 1 





PEAK PLASMA LEVEL ( g/ml) 


GROUP TOTAL (+SE) FREE (+SE) 











I (Lic: saine mixture) 1.58 + 0.26 0.71 + 0.12 
III (LI. docaine only) 1.80 + 0.40 0.82 + 0.20 
I (Bug vacaine mixture) 0.81 +0.14 0.06 + 0.01 
_II (Btoivacaine only) 0.73 + 0.20 0.06 + 0.01 
TABLE 2 

GROUP TOTAL FREE 
(min + SEM) (min + SEM) 
I (Lic scaine mixture) 78-0 + 17.0 44.0 + 8.0 
III (L_docaine only) 45.0 + 12.6 44.0 + 5.1 
I (Buy_vacaine mixture) 60.0 + 16.0 42.0 + 7.0 
II (Brsivacaine only) 27.0 + 8.0 11.5 + 6.4 


No ca-jliovascular or neurological complications were 
encourzered in this study, and at no time did any 
Signs zf a toxic reaction occur. 


Di:cussion. We have shown that ‘compounding’ 
bupiv-caine and lidocaine delays onset of the peak 
level =f the drugs but does not influence the plasma 
level: attained. 
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Introduction, It has been previously esta- 
blished that during inhalational anesthesia, verapa- 
mil (V) produces a more pronounced myocardial depres- 
sionl»? as a result of pharmacokinetic? and pharma- 
codynamic interactions. Because V may be indicated 
in patients with preoperative depressed cardiac 
function, it appears important that V myocardial 
depression is minimally effected by the presence 
of an anesthetic. We designed this study to assess 
the effects of fentanyl (F) on both the pharmaco- 
kinetics and pharmacodynamics of V. 


Methods. Six dogs (20+2 kg) were chronically 
instrumented for measurement of mean aortic pressure 
(MAP), Left ventricular (LV) dP/dt, heart rate (HR), 
PR interval, and coronary (Cor), carotid (Car), and 
renal (Ren) blood flows (BF). After recovering 
from surgery for at least 10 days, each dog received 
V (200 ug/kg IV over 10 min) awake and during F 
anesthesia (1.5 ug/kg/min for 6 hrs) on two dif- 
ferent occasions, randomly assigned and separated 
by at least 4 days. After pancuronium injections 
(O.1 mg/kg IV), the dogs were intubated and venti- 
lated mechanically. Hemodynamic function was 
continuously recorded. In addition, aortic blood 
samples for V determination were collected prior to 
and 1, 3, 5, 10, 15, 30, and 45 min and 1, 2, 3, 4, 
and 5 hr after V. Concentrations of V were analyzed 
by gas-liquid chromatography using nitrogen-phos- 
phorous detection. Data were analyzed using an 
analysis of variance. When significant, paired 
t-tests were applied. Alpha was set up at a level 
of 0.05. Data are presented as mean + SEM. 


Results. 

Pharmacokinetic: As indicated in Table I, F 
did not alter V pharmacokinetics. 

Hemodynamic: V decreased LV dP/dt, and increased 
HR and PR interval in awake dogs. In the presence 
of F, the effects of V on HR and PR interval were 
similar while LV dP/dt remained essentially unchanged 
and a slight decrease in MAP was recorded (Table II). 


Discussion. The hemodynamic and pharmacokinetic 
interactions between verapamil and high-dose fentanyl 
appear to be minimal. The present data are markedly 
different from those previously obtained in the 
presence of inhalational anesthetics. They suggest 
that high dose fentanyl is a more suitable anesthetic 
technique in patients with preoperative depressed 
myocardial function who may require intraoperative 
verapamil therapy. 


TABLE I: Effects of F on V pharmacokinetics 
ne a a a 


V V +4 F 
Vy L 40 + 4 36 + 4 
Intercompartmental 
Clearance L/hr 21t + 36 192 + 44 
Vdss L 101 + 17 100 + 14 
Total Clearance L/hr 54 + 6 64 + 9 
B-t)/2 hr 1.64 + 0.27 1.54 + 9.15 
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Table II: Hemodynamic effects of F, V, and F + V 
(mean + SEM) 


M l ŘŘŮĖŮŮ 


Control V F V +F 
MAP 94+6 94+6 117+6* 104+5t 
mmHg 
HR B1+4 LL1+7% 7 2+4 91+6t 
bts/min B = 5 
LV dP/dt 3012+170 2693+208% 4206+420% 4068+384 
mmHg/sec 
PR 7124.01 „154.014 = 114.01. 15+.01t 
sec 
CarBF 125+13 126+10 127+15 140+21 
ml/min a B z 
RenBF 108+6 116+3 130+10 135+9 
ml/min 
CorBF 36+4 41+5 37+10 71+29 
ml/min a 7 7 


et a ee a a 
* = p< 0.05 vs C; f= p< 0.05 vs F 
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INTRODUCTION: Emergency coronary artery bypass A ba znced anesthetic technique was used in both 


grafting (CABG) is being used for myocardial 
reperfusion and tissue salvage during acute 
myacardial infarction (AMI).* Although previous 
recorts have demonstrated increased morbidity and 
mortality, no study has systematically compared 
tne operative course of patients having an AMI 
with patients having elective surgery. In an 
effort to identify the anesthetic problems 
associated with these patients a retrospective 
chart review was made comparing patients 
undergoing emergency CABG during AMI with a 
carefully matched cohort group of patients having 
elective CABG. 


METHODS: Twenty-three patients who had emergency 
CABG during AMI over an 18 month period were 
identified. Each patient had the onset of 
persistent chest pain within 12 hours of 
induction of anesthesia and S-T segment elevation 
of at least 0.2 mV on 2 or more ECG leads. The 
23 AMI patients were matched by a computerized 
program for gender, surgeon, preoperative 
ejection fraction and aortic cross clamp time 
with 23 patients who had elective CABG 
contemporaneously. Patient characteristics, drug 
therapy, activated clotting times, blood 
acministration, cardiac output, postoperative 
bleeding and complications were compared between 
groups. Results are’ shown as mean + standard 
deviation. Statistical significance was 
determined with one-way analysis of variance or 
Chi square tests where appropriate. 


RESULTS: - The 23 AMI patients were anesthetized 
5.9 + 3.0 (range 1.5-11.0) hours after the onset 
of chest pain. Eighteen had anterior S-T 
elevation and five had inferior S-T elevation on 
the preoperative. ECG. Fifteen AMI patients had 
streptokinase therapy and seven had attempted 
percutaneous coronary angioplasty prior to 
surgery. Patient characteristics are shown in 
Table 1. 


__ Table 1l. AMI (N) Elective (N) P 


Age (yr) 62+9.8 (23) 57+11 (23) NS 


EF (%) 50+10 (21) 54+10 (23) NS 


LVEDP (mmHg) 21+7.1 (18) 18+7.6 (21) NS 
Aorta Clamp 39+23 (23) 43+16 (23) NS 
time (min) 
Bypass time 103+46 (23) 103+29 (23) NS 
(min) 


Grafts (No.) 2.9+1.6 (23) 2.7+0.9 (23) NS 


a e E 


DISC_SSION : 


grou, employing similar anesthetic drugs 
( fent= yl, pancuronium, diazepam, and enflurane or 
halot=ne). Inotropic drugs were required more 
frequ=tly in the AMI group both before (3/23 vs 
0/23: F<.05) and at termination of bypass (12/23 vs 
3/23: p<.005). Antiarrhythmic drugs were also used 
more —ften in the AMI patients (16/23 vs 5/23; 
p<.0&._. The 15 patients who received 
streptokinase had greater bleeding than their 
pairæ cohorts as shown in Table 2. 


ELECTIVE 
Table 2. AMI SK (N) COHORTS (N) P 
CT Dx_nage-first 1290+610 (15) 842+470 (15) .03 
12 ours (cc) 
ACT before 159+107 (15) 110+21 (15) .09 
he satin (sec) 
ACT - after 171498: (15) 126+37 (15) .l0 
prozamine (sec) 
Bload Transfused 8.73+5.0 (15) 6.27+2.5 (15) .10 
(uts) 
Thre= AMI patients died postoperatively. There was 
no mactality in the elective group. Electrocardio- 
grar= 2ne day after surgery revealed new Q waves in 
15 =x sustained S-T elevation in 3 AMI patients. 
Thre= AMI patients without ECG evidence of 
inf==tion had significant elevations of CK-MB 
isoe=ymes. One elective patient had new Q waves. 
The ~umber of patients requiring postoperative 
ventilation for greater than 24 hours (10/23 vs 
1/254 p<.005) and prolonged ICU care for greater 
thar zwo days (9/23 vs 3/23; p<.05) was higher in 
the =I group. 


Patients undergoing emergency CABG 
durax AMI represent greater surgical and 
anesW etic risks than elective CABG patients. They 
have a higher incidence of myocardial dysfunction 
reqc=ring inotropic support that is particularly 
evieent following cardioplegic arrest during 
carc:opulmonary bypass. They have a greater need 
for antiarrhythmic therapy and prolonged 
pos-eperative intensive care. Those patients given 
thr: abolytic therapy have increased bleeding. 
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Introduction: 

We have previously used the human 
foreskin mast cell as a model of anes- 
thetic agent induced histamine release. 
Tt is not known whether responses to 
anesthetic drugs in those infant mast 
cells are functionally similar to those 
of the adult. For this reason we com- 
pared histamine release in our mast cell 
model to histamine release in vivo in 
adult humans using a series of concen- 
trations of three commonly used muscle 
relaxants (vecuronium, atracurium and 
d-tubocurare) by measuring the wheal 
size resulting from their intradermal 
introduction, 

Methods:: Research Committee 
approval was obtained for the in vivo 
studies. Freshly excised human foreskins 
were cut into 8 to 10 pieces, then sec- 
tioned into 200 um widths using a Sorvall 
TC-2 tissue sectioner. Each sectioned 
piece was incubated in buffer for 30 min. 
at 37°C to determine basal histamine 
release. The pieces were then incubated 
with buffer (pH 7.4) containing d-tubo- 
curare, vecuronium and atracurium in 3 
concentrations ranging from 10 "M to 10 “M 
for 30 min. to determine drug-induced 
histamine release. Residual histamine 
was obtained by boiling and homogenizing 
each piece. Histamine concentrations 
were analyzed by automated fluorometry. 
Basal histamine release and muscle 
relaxant-induced release were calculated 
as a percentage of total tissue histamine. 
For the in vivo studies, healthy adult 
subjects, taking no medications, were 
tested with histamine (positive control), 
saline (negative contro}), and three con- 
centrations, 10 "M, 10 M and 10 `M, of 
each muscle relaxant. A drop of the sol- 
ution was placed on the skin and a 27 
gauge needle used to enter the skin to 
the depth of the bevel and pulled perpen- 
dicular to the skin to tent the skin and 
allow the test sample to enter the epi- 
dermis. After twenty minutes the result- 
ing wheal size was measured. Data were 


analyzed using a one way analysis of 
variance, and regression analysis with 
P<.05 level of significance. 

Results: In vitro testing revealed 
dose-related histamine release with 
d-tubocurare and atracurium. Vecuronium 
did not release appreciable amounts 
of histamine at any concentration. In 
vivo skin testing showed dose-related 
histamine release, as measured by wheal 
size, for both d-tubocurare and 
atracurium, but not for the vecuronium. 
Histamine release in vivo correlated 
well with histamine in vitro (r=0.9) 
(fig 1). 

Discussion: Histamine release from 
the human foreskin mast cell preparation 
by d-tubocurare, atracurium and 
vecuronium does indeed correlate with 
that measured by wheal size in the adult 
skin. We therefore conclude that the 
infant foreskin mast cell model is a 
valid predictor of histamine release by 
muscle relaxants in vivo and can provide 
valuable information about mechanisms of 
histamine release by these and perhaps 
other drugs used in anesthetic practice. 


Supported by NIH Grant 25831. 
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Figure 1 - Plot of percent histamine 
release against skin wheal size by 
d-tybocurare, vecuronium and atracurium 
10 “M, 10 M and 10 “M. 
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Introduction: Urinary catheter temperature (UCT), 
an index ox core tenperature(i), is cleaner and less 
less invasive than rectal temperature (RT). Al- 
though differences among the various measures of 
"core" temperature are common(1,2), it is postu- 
lated that UCT reflects blood temperature because 
urine is a filtrate of blood(1). This study com- 
pared UCT with RT and esophageal (ET) and pulmonary 
artery (PAT) temperatures during and after rapid 
rewarming on cardiopulmonary bypass (CPB), empha- 
sizing the influence of urine output on the agree- 
ment of UCT with ET, RT, and PAT. 


Methods: With institutional approval and after in- 
formed consent from 24 adults to undergo cardiac 
surgery with CPB, disposable thermocouple probes 
were placed in the distal esophagus, rectum, and 
urinary bladder; a thermistor-tipped catheter was 
placed in the pulmonary artery. Thermocouple moni- 
tors with precision 0.1°C (Mon-A-Therm model 6500) 
were self-calibrated before each use. Auscultation 
verified proper esophageal probe placement(3). 
Urine output was measured in a Travenol urimeter. 
Beginning with the start of warming on CPB, temper- 
atures and interval urine output were recorded 
every 10 min for two hours or until the termination 
of surgery. Mean temperatures at each time were 
compared using the Neuman-Kuels test. For each 
measurement, the pairwise differences UCT-ET, UCT- 
RT, and UCI-PAT were calculated. Each of these 3 
temperature differences was related to urine output 
by correlation coefficient and least squares linear 
regression. Data during warming (N=81) and after 
CPB (N=193) were analyzed separately. 


Results: Figure 1 shows the mean temperatures for 
all patients. At 10, 20, 30, and 40 min after the 
start of rewarming, ET behaved like PAT and UCT 
behaved Like RT [(ET=PAT) > (RT=UCT) by Neuman 
Kuels]. Total warming time was 37410 (SD) min. 
Urine output was 26421 ml per 10 min during rewarm- 
ing and 52+44 ml per 10 min >ost-CPB. The table 
shows for each variable the slope, intercept, and 
correlation coefficient r, during warming. P- 
values refer to the likelihood that the slope is 
zero. Figure 2 is the scatter plot for ST=UCT~ET. 
During warming, urine output significantly contri- 


butes to the UCT-ET and UCT-PAT differences, account- 


ing for about 18 and 12 percent of the variance 
respectively. Urine output did not influence the 
UCT-RT difference. Post-CPB, urine output did 
correlate with each of the three temperature differ- 
rences. However, temperature differences (20.4°C) 
and regression line slopes (<.0045) were too small 
to be of clinical significance. 


TABLE: Correlation of AT with urine output 
AT Slopes* = r P 
0.43 .0001 


UCT-ET 81  .OH2 -5.45 
UCT-RT 81 .016 -1.09 0.18 .10(NS) 
UCT-PAT 78 .043 -5.38 0.35 .0018 


*AT = Slope e Urine Output (m1/10 min) + Intercept 


Discussion: These data allow two conclusions. 
First, UCT is a good substitute for RT. UCT and 
RT measurements are indistinguishable during both 
re_ative thermal stability and rapid warming. 
Second, UCT is influenced by urine output: UCT 
aporoximates core temperatures better during 
abundant diuresis. These data favor the hypothe- 
sis that UCT measures core temperature during 
re_ative thermal stability(3). During rapid 
revarming, however, UCT, like RT, lags behind the 
cce measures ET and PAT, unless urine output is 
atundant (#750 ml/hr). The small correlation 
ec2fficients (<0.43) for AT vs. urine output are 
expected, since factors other than urine output 
(sich as adiposity and blood flow distribution) 
ecmtribute to the UCT-ET or UCT-PAT differences. 
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INTRODUCTION; Prior carotid endarterectomy (CEA) is 
considered by many to be a contraindication to in- 
ternal jugular vein (IJV) cannulation (1-2), presum- 
ably due to alteration of the relation of the IJV to 
surface landmarks. We employed ultrasonography to 
investigate the reliability of landmarks for IJV 
cannulation at both surgical sites (SS) and non- 
surgical sites (NSS) in subjects with prior CEA. 


METHODS; This study was approved by our institu- 
tional review board. Twenty-one subjects gave in- 
formed consent. Two commonly used techniques for 
IJV cannulation were selected: one represents an 
apical approach (3), the other an anterior approach 
(4). Each subject lay supine without head down 
tilt. For each technique on both the left and right 
sides, the ultrasound transducer was placed on the 
neck and directed like a needle according to the 
directions for the technique. One investigator 
viewed the image and identified and labelled arte- 
rial and venous structures according to their ana- 
tomic orientations and pulsation patterns. A photo- 
graph of the real-time image was obtained during 
normal respirations. 

Each ultrasonographic image provided the following 
data: the intersection of the axis of the transducer 
with the image of the IJV, scored as yes ("hit") or 
no ("miss"); similiar scoring for the intersection 
of the axis of the transducer with the image of the 
CA; the distance along a needle’s path from the skin 
to the center of the IJV image; and the angle bet- 
ween the IJV and the CA, measured by placing the 
origin of a protractor on the center of the IJV 
image using 0° as medial and +90° as anterior. 
Frequency data were analyzed by Chi-square contin- 
gency tables. Continuous variables were analyzed by 
paired or unpaired Student’s t tests. Significance 
was defined as P <¢ 0.05. 


RESULTS: The 13 men and 8 women studied were aged 
between 54 and 85 years (mean 68). Between 6 months 
and 10 years had elapsed from CEA to this study 
(mean 3 years). Four subjects had had surgery on 
the right, 8 on the left, and 9 on both sides. The 
IJV was visualized in every view; the carotid artery 
(CA) was seen in 69 of 83 views. The table displays 
the hit frequency data for the two techniques. 

There were no statistical differences between the SS 
and NSS hit frequencies for either technique for 
either the IJV or the CA. The distance from the 
skin to the center of the IJV was 2.15+ .53 cm (mean 
+ SD). Distance form skin to IJV did not vary with 
technique or from SS to NSS. The angle between the 
CA and the IJV was -9 + 24° (N=49) on the SS and -14 
+ 16° (N=20) on the NSS (P=NS, unpaired t test). In 
no photograph did the IJV lay medial to the CA. 





DISCUSSION; Anesthesia texts state that prior CEA 
is a contraindication to IJV cannulation at that 
Site (1-2). Though these recommendations are unre- 
ferenced, it is presumed that fibrosis, adhesions, 
or other surgical factors render surface landmarks 
unreliable as guides to lIccation of the deeper stru- 
ctures, including the IJV. 


This study shows that use of the sternocleidomastoid 
muscle (apical technique) or the carotid pulsation 
(anterior technique) as a landmark for cannulation in 
patients with prior CEA is associated with neither 
decreased chances of hitting the IJV nor increased 
Chances of hitting the CA. Additionally, no dif- 
ference was demonstrated between apical and anterior 
techniques, both at SS and NSS. This latter result 
agrees with a previous ultrasonographic investigation 
in which 15 different techniques were all equivalent 
with regard to IJV localization (5). 


In young healthy volunteers (5), the IJV was found 
lateral and anterior to the CA (angle -21 + 21°). 
The current data (-14 + 16°) substantiate this rela- 
tionship in elderly subjects. Furthermore, this 
relationship was not altered by CEA, the IJV remain- 
ing slightly anterior to the CA in most cases, and 
lateral to the CA in all cases. 


Factors other than localization of the IJV and CA 
were not addressed in this investigation. For ex- 
ample, some clinicians choose to avoid neck manipula- 
tion in every patient with carotid artery disease, 
irrespective of prior surgery at that site. Also, 
prior CEA may produce adhesions or other tissue al- 
terations (not quantified in this study) which could 
render difficult the actual passage of a needle and 
catheter. 


These data suggest that localization of the IJV and 
risk of CA puncture are not altered by prior CEA. 
When central venous access is advantageous, cannu- 
lation of the IJV at the site of a prior CEA may be 
justified. 


TABLE, Hit frequency data. 
Apical-SS Apical-NSS Anterior-SS Anterior-NS§ 


IJV HIT 24 9 23 8 
IJV MISS 6 3 6 4 
A1JV HIT 80% 754 79% 67% 
CA HIT 3 3 2 2 
CA MISS 24 7 20 8 
“CA HIT 11% 30% 9% 204 
CA NONVIZ 3 2 7 2 


Entries are number of patients. 
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Introduction. Monitoring brainstem auditory 
evoked responses (BAER) is common for operations on 
the posterior fossa especially near the 
cerebellopontine angle?. BAER can be used for 
tumors, aneurysms, and microvascular decompressions, 
in addition to non-operative evaluation of head 
injuries and developmental abnormalities in the 
intensive care units. 

Narcotic based anesthesia is recommended when 
recording intraoperative BAER because of minimal 
effects on the response. | Samra, et al? have 
shown that fentanyl does not significantly alter 
BAER. We recently reported? that a continuous 
infusion of sufentanil is suitable for neurosurgical 
cases and provides stable anesthesia as long as 
needed with the patient awake at the end of the 
procedure. We have now evaluated the effect of this 
anesthetic regimen on BAER. 


Methods. The local institutional review board 
approved this study, and six patients gave informed 
consent. These patients underwent a variety of 
surgical procedures: Nashold's dorsal root entry 
zone (DREZ) procedure (2 patients), transphenoidal 
hypophysectomy (3 patients), lumbar laminectomy (1 
patient), and cervical laminectomy (1 patient). 

Baseline BAER's were done at least one day 
prior to the anesthetic. In addition to standard 
monitoring, the radial artery was cannulated for 
blood pressure and blood gas sampling. Inspired/ 
expired gases were measured with mass spectrometry. 
Sufentanil 1 mcg/Kg was given prior to a thiopental 
induction (3-5 mg/Kg) and tracheal intubation 
facilitated with succinylcholine. A continuous 
infusion of sufentanil was begun at 0.6 mceg/Kg/hr 
for approximately the first hour, and the balanced 
anesthetic regimen was completed with 70% nitrous 
oxide and a non-depolarizing muscle relaxant. 
Sufentanil was titrated to maintain blood pressure 
and heart rate within 20% of baseline and usually 
ranged 0.26-0.29 mcg/Kg/hr after the initial 
incision and bone work. If vital signs were not 
controllable with additional sufentanil, isoflurane 
< 0.3% end tidal and then a vasodilator was 
administered. 

A Nicolet Pathfinder II recorded BAER. Needle 
electrodes were placed at the vertex and referenced 
to mastoids, maintaining impedance <5kOhms. Ground 
electrodes were placed on the shoulders. Stimulation 
was with clicks 20% greater than threshold hearing 
at a rate of 11.1Hz with contralateral masking. 
Bilateral recordings were done in all patients to 
aid correct identification of all peaks. 2000 
artifact free repetitions were obtained for a 
complete recording. Recordings were done every hour 
until the end of the infusion. 


Results. Excellent operating conditions and 
hemodynamic stability were provided by the 
anesthetic regimen with all patients awake at the 


the ind of the procedure. 

Three peaks (I, III, V) were subjected to 
stat. stical analysis at baseline, 1 hour efter 
induetion, and end of infusion. (Table I) The 
righ= minus left latencies varied 0-0.3 msec, so 
latencies were averaged. As shown in the Table, 
ther= was no significant difference between the 
latehcies observed prior to anesthesia, after 1 
hour; of anesthesia, and before the end of the 
infysion, as measured by ANOVA (2 way analysis of 
repeated measures) and Duncans new multiple range 
tes. 

| 

Discussion. A sufentanil based balanced 
anez:chetic technique provides excellent operating 
coneitions, and hemodynamic stability with rapid 
awa lening at the end of the procedure. We were 
not 'able to demonstrate a significant change in 
BAE. throughout a balanced anesthetic with a 
suf-intanil infusion. 


| 
i 
| 
| 
a 1: Baseline 1 hour Closing 
1 





> 2.46+. 172 2.51+.215 2.63+. 165 
| 

Ia 4.72+.23 4.88+.175 4.964.151 
i 6. 73+. 198 6.71+.322 6.81+.249 
| 
:*All values are mean+SEM (msec). 
| 
| mamrn 
| 
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Introduction: Patients undergoing abdominal 
aortic surgery have a recognized incidence 
of significant perioperative complications 
including respiratory failure, myocardia- 
infarction, and renal failure. l” Thiz 
retrospective study was undertaken to 
determine the effect of a single dose or 
intrathecal morphine on the postoperative 
course of patients undergoing abdomina- 
aortic surgery. 


Methods: Following institutional approval, 
the hospital records of all patients (N=75) 

undergoing elective abdominal aortic surgere 
at our hospital between May, 1985 and June, 
1986 were reviewed. Patients were dividec 
into two groups based upon whether they hac 
received intrathecal morphine (ITM Group) or 
had not received it (Control Group). AlI 
patients were monitored with a V5 ECG, ar 
intraarterial catheter and either a central 
venous Or pulmonary artery catheter. 
General anesthetic technique and whether o1 
not a patient received ITM were at the 
discretion of the staff anesthesiologist. 
The occurrence of intraoperative or post- 


operative pulmonary edema, myocardial 
infarction, renal failure and death were 
obtained from data in the chart. 
Statistical comparisons of time tc 
extubation, ICU stay, length of post- 
operative hospital stay and cost of 


hospitalization in the 2 groups were made 
using Student's T-test. 


Results: Thirty-nine patients received ITE 
(0.5-1.0 mg) while 36 were in the control 
group. Pulmonary artery catheters were 
placed in 30/39 (77%) of the ITM patients 
and in 30/36 (83%) of the control group. 
There were no differences between the ITF 
and the control group in mean age (66t9 vs 
6348 yrs), duration of the surgical 
procedure (3.1+1.0 vs 3.6t1.2 hrs) OI 
intraoperative blood loss (12004800 VE 
23004800 ml). There were no significant 
intraoperative Or ITM-related compl i- 
cations. There were no postoperative deaths 
in either group. One patient in each group 
had a myocardial infarction postoperatively. 


The significant differences between the =z 
groups are listed in the Table. Four (4]J 
patients in the control group had clinically 
significant pulmonary edema, compared tc 
only one patient who received ITM. Control 
patients had a longer time from the end of 
surgery until extubation, a longer post- 
operative ICU stay, a longer postoperative 
hospitalization time, and greater total cost 
of hospitalization. 





M.D., A.-J. Berry, M.D., G.B. Knos, M.D., and 


Anesthesiology, Emory Univerzity School of Medicine, Atlanta, Georgia 30322 


Discussion: This retrospective study 
suggests that patients having elective 
aortic surgery who receive ITM have a 
shorter and less expensive postoperative 
hospital stay and a lower incidence of 
pulmonary edema than do patients not treated 
with ITM. The usual postoperative 
respiratory changes of atelectasis and 
decreased vital capacity may have been 
prevented by ITM, resulting in shorter ICU 
and hospital stays. Postoperative pain 
often produces systemic hypertension which 
may result in left ventricular failure in 
this group of patients who are likely to 
have coronary artery disease. By reducing 
postoperative pain, ITM also may be expected 
to decrease the frequency of left 
ventricular failure and pulmonary edema. 


Conclusion: This retrospective study 
suggests that the postoperative courses of 
patients undergoing abdominal aortic surgery 
are improved when ITM is administered 
immediately prior to surgery. The simple 
and relatively safe technique might result 
in a significant cost savings to the 
patient, and should be given more widespread 
consideration and investigation. 


TABLE (ALL RESULTS MEAN + SD) 





CONTROL (N=36) ITM (N-39) 
TIME TO EXTUBATION (HRS) 1055 41082 365-4 G06" 


TCU STAY (DAYS) 3.3 + 1.9 2.44 ee, 1.1* 


POSTOP STAY (DAYS) 10.7 + 4.0 8.7 + 2.0* 


COST OF HOSPITALIZATION($) 16666 + 6283 13796 + 3366* 


* P < 0.05 ITM VS CONTROL 
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Introduction: An alternative, risk-limiting 
Procedure to homologous blood transfusion is 
autologous blood transfusion. Currently, three 
techniques are available: predonation, intraoperative 
salvage and intraoperative acute  normovolemic 
hemodilution. Hemodilution offers the greatest 
advantages, particularly when combined with 
predonation. The major advantages of hemodilution 
include optimization of organ blood flow, reduction 
of myocardial work, the administration of functional 
platelets and coagulation factors, and possible re- 
duction of surgical blood loss. We have previously 
demonstrated that automation of the hemodilution 
process improves the safety énd accuracy of hemo- 
dilution, reduces blood loss, reduces or eliminates 
homologous blood and component transfusion, and 
shortens the duration of surgery [1]. The aim of 
this study was to examine the effects of acute normo- 
volemic hemodilution on hemodynamic variables and 
oxygen transport during spinal fusion. 


Methods: "Automated" acute normovolemic hemo- 
dilution (AANHD) was performed on seven consecutive 
patients (X + SEM, age 15.3 + 5.4 years, body weight 
53 kg + 21.58 kg) undergoing spinal fusion with 
instrumentation for idiopathic or non-neural 
scoliosis Institutional approval and individual 
informed consent was obtained. Following induction 
of high-dose fentanyl anesthesia with isoflurane and 
institution of mechanical ventilation, an arterial 
line and thermodilution pulmonary artery catheter 
were inserted. After placement in the prone position, 
AANHD to a target hematocrit of 20% or 22% was 
acheived in a manner as previously reported using an 
IBM-Cobe 2997 cell separator [1]. The harvested ACN-A 
anticoagulated blood was stored at room temperature 
and returned to the patient prior to the termination 
of surgery. Normothermia was maintained throughout 
surgery. Cardiopulmonary and hematologic variables 
were measured. Nonparametric and parametric inferen- 
tial analyses were performed on all data. 


Results: The raw and derived results will be 
presented in two categories: 1) AANHN protocol 
variables and 2) hemodynamic and oxygen transport 
responses to AANHD, surgery and reinfusion of the 
autologous product. In 3 patients there were 2-4 
units of predonated autologous blood reinfused during 
Surgery. In general, as compared to our previous 
Studies, the hemodynamic variables (HR, CVP, MAP, CQO, 
and SVR) exhibited similar increasing or decreasing 
trends immediately following AANHND when compared to 
postinduction values. There were two significant 
changes, namely, a transient increase in CVP and a 
decrease in SVR. However, at the second, third and 
fourth intraoperative hourly measurements, there were 
Significant decreases in CO and MAP, and an increase 
in SVR. With respect to the oxygen dynamic changes, 
Significant decreases were observed in oxygen 
delivery and consumption one hour following AANHD and 
lasting throughout surgery. During the 2-4 hour, 
post AANHD period, a significant increase in oxygen 
extraction occurred. No significant changes were 


a Memorial Hospital, Chapel Hill, NC 27514 


observer in the avn, PVN, and SVO.» 


2 


N~scussion. Our data indicate that the 
“autometed™ protocol with moderate ANHD was accurate 
and the immediate hemodynamic changes were minor. The 
Subseqvent intraoperative hemodynamic and oxygen 
dynamic changes, which included increased oxygen ex- 
tracticr, were complex and multifactorial, and were 


immedi ely reversed by reinfusion and awakening. 
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Table ` and Figure 1. Hemodynamic and oxygen 
transpert variables. 


Variab e Post Post Intraop. Hr Reinfusion 


Induction AANHD 1 2 3 4 ICU) 
HR R3 79 84 78 RGE 88 BRY 
(beats nin) +1N +10 +8 +6 +10 +6 +45 
CVP A Ler R 7 6 8 5 
(mm Hg 47 +3 I- #2 +2 -42 F1 
MAP 7f 8? 74 64* 67* 74 9l 
(mm Hg +3 +5 +5 a3 +4 +7 +6 
SVR 1063 685* 870* 1329* 1215* 1358* 1407 


(dyne/ 'cm-5)116 +137 +98 +191 +147 +200 +205 


cn 6.34 7.31 4.73 4.11* 4.20* 3.76* 6.43 
(L/min +0.66 +1.12 +0.69 +0.64 +0.62 +0.55 +9.83 


Statis-ical significance of difference from post 
induct >n *p <0.05; n=7, MEAN, + SEM. 
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8 
O 


Oy DCLIVENY 
(mi-min 1 


500 


(mi-dI7!) 


RATIO DIFFERENCE 


OMOUNIFTION Os CUTNAQTION us Oy 


(mi-min') 





- = 
6c 


NCWATGOCHIT 
(%) 
td 


Post Post | 2 3 4 Reinfusion ° 
Induction HemodF HOURS: POST HEMODILUTION 


S88 ANESTH ANALG 
1987;66:S1-S191 


ABSTRACTS 


Title: EFFECT OF ESMOLOL ON LEFT VENTRICULAR FUNCTION IN THE AWAKE DOG 


Authors: 


JR Jacobs, B.E.S./, GW Maier, M.D.2, JS Rankin, M.D.2, JG Reves, M.D.! 


Affiliation: Departments of lanesthesiology and 2surgery, Duke University Medical Center, 


Durham, North Carolina 27710 


Introduction, Esmolol (E) is a fast acting 
water soluble beta-l-adrenergic receptor antag- 
onist. An analysis! of data from 369 patients 
treated with E has suggested that there is a 
decrease in the benefit-risk (systolic hypo- 
tension) ratio for E dosages greater than 100 
mcg/kg/min. Since E does not decrease systemic 
vascular resistance, E-induced hypotension must be 
due to decreased cardiac rate and contractility. 
The present investigation was designed to examine 
the effects of E on left ventricular (LV) function 
in the awake dog, a preparation with little 
chronotropic sympathetic tone, thereby isolating 
the inotropic effects of E. 


Methods, Nine dogs chronically instumented 
under general anesthesia with ultrasonic dimension 
transducers oriented across the LV minor axis 
diameter, pneumatic occluders positioned around 
both venae cavae, a silicone rubber tube secured 
in the base of the left atrial appendage, and a 
tube with multiple side holes positioned in the 
pleural space were studied in an awake unmedicated 
state. LV transmural pressure (LVTMP) and minor 
axis diameter (D) were measured by micromanometers 
and sonomicrometry, respectiveley. Vena caval 
occlusions (VCO) were performed to obtain stroke 
work (SW) (area within LVTMP-D loop) over a range 
of preloads during E infusions of 0 (control), 
100, 300, 1000, and 3000 mcg/kg/min (n=9), at 15 
and 30 min after termination of E (n=8), and 10 
min after a 1 mg/kg bolus of propranolol (P) 
(n=6). The linear relationship between SW and 
end-diastolic D (EDD) was characterized for each 
VCO by a slope (M) and x-intercept (xint). 
Preload recruitable stroke work (PRSW) was used to 
assess LV function and was calculated’ for each 
VCO as M/2 times the square of the difference 
between EDDMAX and xint, where EDDMAX was the 
largest EDD observed in a particular dog. HR, 
mean LV ejection pressure (MEP), and LV dP/dt were 
determined as mean values from the 10 cardiac 
cycles prior to each VCO. Data were compared vs. 
control by Student's 2-tailed paired t test. 


Results. There were no statistically signif- 
icant changes in M, but xint increased (p<.05) at 
300 and 3000 mcg/kg/min (Figure). HR was 
different from control only at the highest E dose. 
DP/dt, MEP, and PRSW were depressed from control 
at E doses 2300 mcg/kg/min. All parameters except 
dP/dt recovered within 30 min following 
termination of E. Only dP/dt was different 
(p<.05) from control following P (Table). 


Discussion. In the awake dog, moderate to 
large doses of E depress LV function independent 
of changes in HR. Although arterial pressure was 
not measured, this study suggests that hypotension 
seen with E could be largely due to depressed 
contractile function. The SW-EDD relation has 
been shown to be a sensitive index of ventricular 
function that is relatively independent of preload 
and physiologic changes in afterload?. PRSW 
incorporates both this relation and relative 
changes in xint. PRSW values reported here 
indicate moderate to severe depression of LV 
performance during E above 100 mcg/kg/min. The 


increases in xint suggest diastolic dysfunction as 
a major component of this depression, which may 
partially explain increases in pulmonary capillary 
wedge pressure seen in some clinical studies’ with 
E. Increased HR at the highest E dose might 
reflect beta-1 blockade at the sinoatrial node 
plus vagal withdrawl due to baroreceptor activ- 
ation. The lack of HR effect by either E or P and 
the lack of inotropic effect by P suggest that the 
negative inotropic effect of E in this model is 
not wholly by beta-1 blockade. E produces 
predictable decrements in contractility, which 
should lower myocardial oxygen requirements; 
applied judiciously, this could be a useful 
property for patients with ischemic heart disease. 
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SW-EDD relation in one dog during vena caval occlusions. 


Dose O 100 300 1000 3000 15 min 30 min P 
PRSW -242  .225  .188* .188* .079* .174% .193 .163 
(N) +-037 +.032 +.029 +.030 +.022 +.025 +.033 +.027 
HR 91 90 92 94 128% 93 90 87 
(bpm) +5 +5 +6 47 +4 +7 FI 48 
MEP 95 95 92 88% 82% 88 91 98 
(mm Hg) © SO oS OF A B 
dP/dt 1842 1811 1591* 1568* 1051% 1506% 1594* 1617* 


(am Hg/sec) +120 +121 +105 +116 +103 +423 +42 +44 


meantS.E.M., *p<0.05 vs. control 
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Introduction. Intrathecal opiates are reported 
to provide profound, prolonged analgesia through 
their binding to opioid receptors within the spinal 
cord. In order to ascertain the optimum dose of 
intrathecal diamorphine (diacetylmorphine, heroin) we 
used a range of doses in patients undergoing a 
uniform procedure (total knee replacement) which 
reliably induces severe postoperative discomfort. 
Diamorphine may have a real and unique advantage in 
behaving akin to a highly lipophilic drug within the 
cerebrosp ina} fluid (CSF), but like morphine in the 
spinal cord. 


Methods. Fifty patients scheduled for total 
knee replacement were included in this Study after 
giving written informed consent and institutional 
approval was obtained. They all received 
subarachnoid anesthesia, bupivacaine 0.5% plain, 
15mg, with or without additional diamorphine, 0.25mg, 
0.75mg, 1.5mg, or 2.5mg mixed together with the local 
anesthetic. The subjects were randomly assigned to a 
treatment group and the drugs were administered in a 
double-blind manner. No premedication was given and 
Systemic opiates were withheld until requested or 
deem2d necessary in the postoperative period. 
Assessments commenced 2 hours after the subarachnoid 
injection and continued for 20 hours. These 
observations comprised an analysis of pain and/or 
analgesic effect using a visual analogue pain score 
(VAPS) and rank pain score system (RPS). Adverse 
effects such as excessive sedation, pinpoint pupils, 
reduction in respiratory rate, nausea, vomiting, 
pruritus and urine retention were sought. 
Supplementary postoperative morphine analgesia was 
initially administered intravenously as required 
and/or requested by the patient. Thereafter 
intramuscular morphine was given as deemed 
appropriate. 


Results. Intrathecal diamorphine has the 
ability to delay the onset of severe postoperative 
pain and lengthen the interval between the initial 
perception of discomfort and the need for 
Supplemental analgesia. It performs best with doses 
of 0.75mg or greater. The quality of analgesia 
observed was similar in all the groups. The amount 
(total milligrams) and number cf doses of additional 
morphine did not differ significantly between any of 
the study groups. Pruritus was common in those 
receiving intrathecal opioid. The incidence of 
nausea and vomiting was high in all categories. 
Clinically significiant respiratory depression was 
not encountered. The results of the time to initial 
discomfort (T-Pain), time to supplemental systemic 
analgesia (T-Morphine), and side effects are shown in 
Tables la, 1b, and 2. 


Discussion. Intradural diamorphine is safe and 
moderately effective. It has the capacity to provide 
impressive analgesia of extended duration in those 
subjects susceptible to its effect. Unfortunately it 
is, On occasions, incapable of əroviding satisfactory 
analgesia even in high dosage. Sufficient quantities 









n School of Medicine, Seattle, 
Hospital, Newcastle-Upon-Tyne, UK 


igid necessary to ensure both spinal and 

inal effects, may be required to provide the 
lar analgesia attributable to intradural opioid 
. The spinal opioid receptor system has 

t limitations when confronted with the severe 
rative pain encountered following knee 

ent surgery. Pruritus is the only adverse 
unique to this treatment. 
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Table la. T-Pain 
Diamorphine Dose(mg) 





Zero 0.25mg 0.75mg l.5mg 2.5mg 

| n=12 n=7 n=17 n=7 n=7 

Median 5 6 5,5 555 6 
Mean 4.7 5.57 6.1 5.86 6.14 
SD 0.81 0.81 2.04 1.07 0.54 
SEM 0.24 0.31 0.50 0.40 0.20 
Range 3.5-6 4-6.25 4-13 5-8 5.5-7.25 








Median 5.25 6.75 7.5 8 7.75 
Mean 563 7.43 8.2 12.7 14.0 
SD 0.68 1.1 4.33 7.35 &.73 
SEM 0.20 0.42 1.10 2.7 3.31 
Range 4-6.75 4.25-10.75 5.5->24 5.75->24 6.5->24 











Table 2. Adverse Effects 
Diamorphine Dose (mg) 


Zero 0.25 3 
n=12 n=7 = n=17 
fe eer 0 2 6 5 
Nausea/ fomiting 6 3 11 5 7 
Urinaryj;Retention 2 l 1 2 
(requi fing 
catheterization) 
Respirasory Rate 
(<10 br aths/min) 
Marked Sedation 
Pinpoint Pupils 
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Introduction. Reiestad et al recently reported 
intrapleural anesthesia as a new technique for the 
treatment of postoperative pain in patients who 
underwent cholecystectomy, renal surgery, and breast 
surgery (1). Intrapleural technique has several 
advantages when compared to alternative techniques in 
the treatment of postoperative pain. The purpose of 
the present study is: 1. to investigate the efficacy 
of intrapleural anesthesia in the management of 
postoperative pain in thoracotomy patients, and 2. to 
measure the plasma concentrations of bupivacaine 
following the intrapleural administration of 20 ml of 
0.5% bupivacaine with and without epinephrine. 


Method. Fourteen patients (ages 28-70) who 
underwent thoracotomy for various types of lung 
surgery including partial pneumonectomy, lung biopsy, 
and repair of injured thoracic aorta were included in 
this study. Six of these 14 patients were included 
for the measurement of plasma concentrations of 
bupivacaine following intrapleural administration. 
With the prior approval from our institutional review 
board, informed consent was obtained from each of the 
patients. At the end of the surgical procedure and 
before the closure of the thorax, an epidural 
catheter was placed in the pleural space by the 
surgeon under direct vision. The catheter was 
introduced through the nearest space adjacent to the 
incision site. The tip of the catheter was placed 
posteriorly in the pleural space and the catheter was 
secured with one or two skin sutures. All of the 
patients received 20 ml of 0.5% bupivacaine (7 
patients with and 7 patients without epinephrine) in 
the recovery room as initial pain therapy. Patients 
also received subsequent doses of similar volume of 
either 0.25% or 0.5% bupivacaine up to 4 times a day 
for a maximum duration of 7 days. Blood samples were 
collected through an arterial line in 6 patients at 
the end of 5 min, 15 min, 30 min, 1 hr, 2 hr, 3 hr, 
and 5 hr following the intrapleural administration of 
initial dose of 20 ml of 0.5% bupivacaine (with 
epinephrine 2 patients, without epinephrine 4 
patients). Plasma was immediately separated and 
refrigerated for the determination of bupivacaine 
concentrations by gas chromatography as described by 
Park et al (2). 


Results. Results are summarized in tables 1 and 
2. Moderate to excellent pain relief was achieved 
following intrapleural administration of bupivacaine 
in patients who underwent lateral and posterior 
thoractomies. No relief was achieved in 3 patients 
who underwent anterior thoracotomies. No pain relief 
was also achieved in one patient in whom the catheter 


J. R. Kambam, M.D., R. E. Handte, M.D., J. Flanagan, M.D., K. Fisher, M.D., M. Lupinetti, M.D., 


Departments of Anesthesiology and Cardio-Thoracic Surgery, Vanderbilt University Medical Center, 


tip was left anteriorly rather than posteriorly. The 
mean peak plasma concentratons of bupivacaine with 
and without epinephrine were 0.37 mcg/ml and 1.7 
mcg/ml, respectively. 


Discussion. Our preliminary study of intrapleural 
anesthesia as a modality of postoperative pain relief 
in 14 thoracotomy patients show that intrapleural 
anesthesia is effective in patients who undergo 
lateral and posterior thoracotomies and not effective 
in patients who undergo anterior thoracotomy. Our 
data also suggest that bupivacaine probably should be 
used with epinephrine as peak concentrations measured 
were less when bupivacaine was used with epinephrine. 
No apparent complications were noticed even when the 
catheter was left for a duration of one week. 


References. 
l1 Reiestad F, Stromskag KE. Interplural catheter in 
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2 Park GB, Erdmansky PE, et al. Analysis of 
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Table 1 ee 


“Patients Thoractony Pain Relief 
n=14 Type None Good Duration 
3 Anterior 3, = = 
11 Lateral, Posterior 1* 10 4-8 hr 


te e e e e R a R 


* Catheter left in anterior pleural space. 


Table 2: Plasma Bupivacaine Concentrations 
(mcirograms/m1l) 


Patients Time after injection (min) 

5 15 30 60 120 180 300 
[** 1.1 1.0 0.7 0.4 0.5 0.3 0.2 
2** 3.5 3.6 2.7 1.0 0.6 0.2 0.2 
35k Lez 0.7 0.7 1.0 NM 0.5 0.2 
4x 0.8 0.8 0.7 0.5 0.3 0.2 0.1 
5* 0.1 0.2 0.2 0.2 0.3 0.1 0.0 
6* 0.3 NM 0.3 0.3 0.4 0.3 0.2 








* with epinephrine 1:200,000 
** without epinephrine 
NM = not measured 


Supported by the Study Center for Anesthesia 
Toxicology, Vanderbilt. 
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Introduction. Several investigators demon- 
strated that there is a decrease in plasma 
cholinesterase activity in normal pregnancy. 
However, previous studies have provided conflicting 
data regarding plasma cholinesterase activity in 
preeclamptic pregnancy. 2 Hepatic dysfunction is 
known to cause a decrease in pseudocholinesterase 
activity. Preeclamptic pregnancy is associated with 
a Significant hepatic dysfunction. Preeclamptic 
parturients receive magnesium which is known to 
prolong the duration of action of succinylcholine. 
It is of value for anesthesiologists to know the 
alterations of plasma cholinesterase activity 
associated with preeclampsia. Therefore, we studied 
plasma pseudocholinesterase activity in preeclamptic 
pregnancy at term. 


Methods. With prior approval from our insti- 
tutional human protection committee, we included 11 
healthy non-pregnant women (ages 20-34), 11 normal 
pregnant women at term (aces 18-35), and 11 
preeclamptic pregnant women at term (ages 18-40). A 
colorimetric method described by Ellman was used in 
the determination of plasma cholinesterase 
activity.° Six ml of heparinized blood was 
collected from each of the informed volunteer 
Patients, plasma was separated and used for 
cholinesterase assay. The reaction system consisted 
of 3 ml of sodium phosphate buffer (0.1 mM, pH 8.0) 
containing 0.32 mM  5,5'-dithiobis-2-nitrobenzoic 
acid (DTNB) and 0.6 mM acetylthiocholine iodide. 
Dibucaine numbers were determined using a 0.1 mM 
concentration of the enzyme inhibitor in the final 
reaction medium. Readings were observed for 5 min 
at 410 nm in a Beckman Model 24 = recording 
Spectrophotometer at 24° C., Duplicate cholin- 
esterase activities were measured for each patient 
plasma. 

Data were analyzed for statistical significance 
by using a Student's t-test (two tailed p-value) 
with a Bonferroni correction for three test groups. 


Results. The means and S. D. of plasma pseudo- 
cholinesterase activity of all the patients are 
shown in Table 1. There is a 41% decrease in 
cholinesterase activity in normal pregnant when 
compared to normal non-pregnant women. There is a 
6 0% decrease in cholinesterase activity in 
preeclamptic pregnant when compared to normal 
non-pregnant women, and 32% decreae when compared to 
normal pregnant women. The dibucaine numbers (DN) 
of all the samples were found in the normal range 
(78-90). 


Discussion. Plasma pseudcocholinesterase isa 
mucoprotein produced in the liver which is 
responsible for most of the recovery from muscle 
paralysis produced by  succinylcholine. Plasma 
cholinesterase is also responsible for the 
hydrolysis of ester type of local anesthetics 
including procaine, chloroprocaine and tetracaine. 

Data from several investigators agree that 


BE Smith, 1.D. 
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cholitesterase activity declines during normal 
pregn Incy.» Tourtellotte reported in 1950 that 
there |is a decrease in cholinesterase activity in 
preec jamptic pregnancy when compared to normal 
pregnancy. However, Pritchard in 1955 reported 
that |there is no significant difference in 
cholinesterase activity between normal and 
preec jamptic pregnant patients. This disagreement 
could |be due to the different techniques they used 
to mesure plasma pseudocholinesterase activity. 
ke mechanism for a čecrease in plasma 
cholinesterase activity in nermal and preeclamptic 
pregnancies have not been elucidated. Various 
explanations including hemodilution, hepatic 
dysfurction, and hypoalbuminemia were offered as 
possite mechanisms for the decrease in plasma 
choliresterase activity in pregnancy. Viby- 
Mogensen reported in 1980 that it is possible to 
predi duration of apnea and time of 100% twitch 


recovery following the administration of 
Succirylcholine, utilizing correlation with plasma 
choliresterase concentration.® Prolongation of 
apnea |from succinylcholine was noted by invest- 
igato in the presence of low cholinesterase 
activity in normal pregnancy! and in the 
preserte of therapeutic levels of magnesium in the 
plasm We believe an additional explanation of 
the olonged neuromuscular action of magnesium 


sulphate in preeclamptic pregnancy may be 
suggested by our data. 

n conclusion, our data confirm that both 
normal| and preeclamptic pregnancies are associated 


with Significant decrease in plasma pseudo- 
cholinesterase activity (p<0.001). Our data also 
sugge that there is a significant decrease in 


cholinesterase activity in preeclamptic pregnant 
when compared to normal pregnant women (p<0.001 ). 






Table fi: Plasma Pseudochlinesterase Activity (mM 
per ml|per minute) 













Normal |non-pregnant 438 81 <0.001 
Normal |pregnant 257 25 <0.001 
Preeclamptic pregnant 173 18 <0.001 


iled p-values with Bonferroni's correction, 
each group) 
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introduction, Hypoxewia in the Recavery. Rog 
(RR) js well cccunented beth dir the pediatric” anc 
adult~ poputaticon. However the peciatric pepuléeriorn 
has not been stucied for oxygen seturetior (aGo: 
during transport from the cperating rocm (CR) to 
RR. The purpose cf this study wes to moniter 
desaturation by pulse oxinetry (NelTlcor) in healthy 
nectetric petierts during transport fron the OR tc 
FR. 

Methods, inforred consent was obte tned 
following the institucional guicelines cn human 
experimentation. 60 ASA I and II patients betveer 
+ month and 14 years were ertered inte the study. 
Pationts were Gevicec to euboreupe: Gran 
is 0-6 menths n:1C: Group Tl: 7-12 nanths o:10 and 
Grows III: 13 monilis-14 years n:40. These petierts 
underwent elective cutpatient surcery of varicus 
duration. 48 patients were induced with QoMoC 
halethaner 9 were given rectal brevital and 2 were 
induced with IV Pertuthat. Cight patients also 
received Atracur iur vikiah wae reverced with etLropine 
ñ FE and neasticmine G.OR g/kg, AL the end 

the procedure after extubaticn cr at the end of 
a anesthesia 100% CG. wes given fer 2 minutes. 
The oxygen was bie discontinued and the patients 
moved te the RR ir the lateral position. Sal, was 
measured by uii the pulse oxinetry senser on 
the tee or finger of the patient during transport 
from OR tc RR. Only one data point was collected 
for each patient which represents the lowest SaGs 
eccuring during transport. Transportation lasted 
120 =- 1&0 seconds and was consistent, 
On arrival te the RR all patients were given Cy end 
the study was terninzted. Petients who ware coughing 
or remained intubated or cn whom the sensor came 
apart during transport were excluced fron the 
etudy., Deta obtained were first anaiyzed using cone 
fector analysis of variance. Then Tukey's Studentized 
Range test was used to ceternine which croup wes 
Significantly different. 

Results, Results are shown in Tahle I and 
II. Sad, was 160% in all patients before roving 
from the OR. MEAN SaC, during transnert fer ali 
patient groups. was 93.5 + 6.558 with a range of 
82-100%, MEAN seturation ranged 88,12-1.2% in 
Si I; 91.6 + 1.08 in Group II and 95.39 + 0.47% 
in Group III. The analysis cf variance revezled 
significant differences areng the three group means. 
Group comparison is shewn in Table II for differences 
in means and all the vaives are significant et the 
C.05 level. 

Conclusions In spite of three minutes 
postanesthetic oxygenation young infants desaturate 
rapidly during transfer to the RR. This is mest 
notable in the 0-6 north age arcup fellowed by 
the 7 month - 12 month age group and least in the 
12 month - 14 year age group. The infants pulmonary 
physiclegy is different in many respects from olcer 
children and these differences rake him mere prore 





te hypoxia. Instebility cf tbe small eirways with 
clesure withing ihe tidal votunc cue te lesser 
elastic recoil and ¢trinished distensibility of 
the Jungs cecur tn infegey even without the effect 
of generel enesthesia.~ In addition during ana 
efter halothane anesthesta chest wall expansion is 
attered ibrough intercostal muscle inhibition, 
1 ibcece retraction, and the uroppesed actlicn cf 
the dféphregm. The combiratian of these fecters 
distorts the chest wall and contributes te Jever 
Tung velumes. “o7 All these changes are nest 
merked in the youngest patients. Pulse oximetry 
is è sinple nethec to quantitele the resulting 

gseturacvion,  Rapia transport te dhe RR on 
supe lenentel oxygen is recommended tu avoid potential 
hypoxte in the very young. 
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Table I 
$40. During Transport fron OR te RR 
ininum Maximum SEM 
eVa We 2 VEG nse MENR 
Greup 2 62.60 92.€ 88.1% 1.20 
0-60 
Greup II 65.6 97.0 91. 8% 1.0 
7M=1714 
Fe (SE Oe S E ee 
Group III 69.0 100.0 95.3% 0.47 
13M-14Yr. 
U24090. ENE EEE 
*P<0. 000I 
Teble = 
Group Conparison Differerce Beiveen NEAN 
ITIi-Il 3.59% 
TII-! 7.29% 
II-I 3.70% 





~*Significant @ 0.05 Level. 
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Introduction. Arterial air embolism is a poten- 
tially lethal complication following cardiopulmonary 
bypass (CPB), decompression sickness and pulmonary 
barotrauma. Morbidity and mortality are related to 
the degree and location of occlusive air bubbles 
within the systemic circulation. Treatment modali- 
ties include 100% oxygen ventilation, steroids, 
barbiturates, the Trendelenberg position with or 
without retrograde perfusion, and hyperbaric com- 
pression if available (1). Tha rationale for use 
of the Trendelenberg position is based on the 
premise that the buoyant properties of air bubbles 
will prevent their distribution to the brain. In 
this study we examined the distribution of bubbles 
in the arterial circulation following left ventric- 
ular and ascending aortic air injection in dogs. 


Methods. Sixteen dogs (14-31 kg) were divided 
into two groups of 8. The first received air 
injections into the left ventricle and the second 
into the ascending aorta. The dogs were anesthe- 
tized with thiopental (25 mg/kg) and maintained 
with halothane or isoflurane (0.8 or 1.5%) in 
oxygen (30%) and nitrogen (balance). Pressure 
monitoring catheters were placed in the abdominal 
aorta (BP) via the right femoral artery, pulmonary 
artery (PAP) via the right jugular vein and left 
ventricle (LVEDP) via the right carotid artery. 


The left common carotid artery was exposed 4 cm 
below the level of the thyroid for placement of an 
ultrasonic Doppler probe (100 mHz, Parks) for 
detection of carotid artery bubbles passing into 
the cerebral circulation. A second Doppler probe 
was placed directly over the suprarenal aorta via 
an abdominal midline incision to detect arterial 
bubble distribution away from the head. Ultrasonic 
Signals were filtered and amplified for chart 
recording and audio detection. 


The animals in group 1 received 0.5 or 1.0 ml 
air injections into the left ventricle at rates of 
l ml/sec. The injections were conducted twice at 0°, 
10°, and 15° Trendelenberg position. The animals 
were placed in a supine positicn on the surgical 
table and the table was adjusted according to the 
angle desired. The Doppler recorded the presence 
of carotid artery and aortic bubbles. In the second 
group a left thoracotomy was performed between the 
5th and 6th ribs to gain access to the ascending 
aorta. The pericardial sac was resected and the 
ascending aorta located for manual verification of 
the catheter tip. The left ventricular catheter 
was then withdrawn to a location approximately 3 cm 
above the aortic valve. In this series of experi- 
ments the left ventricular catheter was a multi- 


lumen theter with a side port, used for injection 
of the air emboli located 1 cm below the tip. Tke 
air infections were identical to those described in 
group B, A control injection of saline preceded 
the ain injections in 10 animals. 


Results. The air bubbles were detected by the 
Dopplex probes at both sites in every case. (Table 1). 
On cs a eee audible signals were less at 150 
Trendel@nberg than at 0° or 10°, However, bubbles 
were detected in all dogs at 15°, Rate, site and 
size off the arterial air injections did not affect 
the res4lts, 


Discussion. The rationale for use of the (steep) 
Trendelnberg position in arterial air embolism is 
based ci early work from Van Allen (1929) (2) and 
misinterpretation of the case report by Atkinson 
(1983) [3) about a diving casualty. For this pro- 
cedure to be effective, the force of buoyancy 
manifesised by the bubbles would have to be sufficient 
to over: ome the force of flowing arterial blood. 

This wat not found to occur in any of the emboliza- 
tions from this study. From this we suggest that 

the Tresdelenberg position is ineffective in prevent- 
ing airjemboli from reaching the cerebral circulation. 
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Introduction. The need for anesthetics longer 
than seven hours has increased with the advent of 
microvascular reconstructive surgery. Isoflurane 
in 50% N20/02 is frequently used as the maintenance 
anesthetic during such prolonged anesthetics. This 
study was designed to evaluate the effects of pro- 
longed isoflurane anesthesia on the neuroendocrine 
system. 


Methods. Fifteen patients (13 males and 2 
females) having elective reconstructive surgery 
consented to the study, which was approved by the 
Institutional Research Review Committee. Age range 
was from 18-74 years and weight ranged from 47-87 
kg. All were in general good health and were on no 
preoperative medications. The day prior to surgery 
blood was drawn for baseline antidiuretic hormone 
(ADH), epinephrine (Epi), and norepinephrine (NE), 
and dopamine (Dopa) levels. All patients received 
Similar preoperative sedation with morphine sulfate 
and diazepam one hour prior to induction. Induc-— 
tion was accomplished with sodium pentothal (3-5 mg/ 
kg) and intubation was facilitated with vecuronium 
(O.1 mg/kg). Isoflurane (0.5-1.1 MAC in 50% N20/02) 
was used for maintenance. Intraoperative fluid and 
blood replacement was titrated to ongoing losses, 
hematocrit (hct < 28), mean arterial pressure 
(MAP < 80), and urine outout (UOP < 0.5 ml/kg/hr). 
After induction, plasma NE, Epi, Dopa, and ADH 
concentrations were measured every two hours intra- 
operatively, at the end of surgery, and at 24 and 
48 hours postoperatively. Student-Newman-Keuls 
method was used for stastical analysis of individual 
variables and Pearson correlation coefficient for 
correlations between variables. Blood pressure, 
heart rate, and central venous pressure were 
measured every 30 minutes in all patients and eight 
patients had pulmonary artery catheters enabling 
us to measure cardiac output and wedge pressure at 
the same intervals. 


Results. Average surgical time was 11.1 hours. 
Estimated blood loss was 26.30 ml+1696 (SD). Total 
intraoperative fluid administration (isotonic 
crystalloid, 5% albumin, packed red blood cells) 
averaged 1000 ml/hr. Average UOP ranged from 
0.5-2.5 ml/kg/hr. Intraoperative MAP was 82+1 mmHg 
(Range: 76-88). Intraoperative cardiac output was 
pig- our oeneloc ine Hedns 
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5+.8 L/min and wedge was 6.6+2 mmHg. Intraoperative 
elevations occurred in NE, Epi, Dopa and ADH that 
were equal or greater than those reported. with major 
abdominal surgery with isoflurane, N20/02! (See 
Table 1 and Fig 142 ). A correlation was found 
between the elevated serum levels of ADH and the 
serum concentrations of both NE and E at the 5th, 
7th, 9th hours and at the end of surgery (p < .01). 


Discussion. A previous study has demonstrated 
that isoflurane in N20/02 alone was unable to sup- 
press the neuroendocrine responses to surgical 
stress.! our study shows that although heart rate 
and blood pressure did not reflect a stressed 
patient, sufficient stimulation occurred during 
microvascular surgery to cause catecholamine eleva- 
tions as high or higher than with intra-abdominal 
surgery. Furthermore, the greatest stress occurs 
after the sixth hour when hemodynamics tend to be 
very stable. The influence of these increased 
levels of catecholamiens and ADH for a prolonged 
period of time may have adverse effects. 


References. 
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Table 1. 

MEAN 
ADH (2-5 pg/ml) 15.53 
EPI ( <45 pg/ml) 178.60 


NOREPI («296 pg/ml) 592.10 
Dopamine (100 pg/ml)l40.6 


SEM RANGE 


+ 3.32 4.77- 37.00 
+ 50.79 35.75- 543.50 
72.86 295.00-1032.00 
16.69 88.53-280.5 


}+1+] 


For all values, p?0.05. 


Fig 2 
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Introduction. The extra-arachnoid subdural 
space is a potential space between dura and the 
arachnoid membranes. It contains a small amount of 
serous fluid which moisten the surface of the 
opposed membranes. Accidental injections of local 
anesthetics into the subdural space when performing 
an epidural block is an unusual complication with 
an estimated incidence of 0.1%. 


The features of a subdural block are: 1) 
unexpected wide-spread segmental block following 
attempted epidural injection, 2) slow onset of 
symptoms similar to a spinal block such as motor 
blockade with low concentration of bupivacaine (eg 
~125% - .025%), 3) extensive sympatholysis out of 
proportion to the administered doses of local 
anesthetic, and 4) delayed recovery. 


By comparison, accidental total subarachnoid 
injection may have a variable cnset, but 
characteristically involves sudden cardiovascular 
collapse and severe respiratory depression and 
pupillary dilatation. 


At our institution, approximately 800 epidural 
injections of combination of local anesthetics and 
steroids are given each year at the Pain Center for 
various forms of lower back problems. We report 18 
cases of suspected subdural injection over the past 
2 years out of our sample population of 1600. 


Methods. The patient population consisted of 
approximately 1,600 outpatients, over a two-year 
period, who were referred to the Pain Center for 
lumbar epidural steroid injections secondary to 
various forms of lower back pathology. All patients 
received single injections into a lumbar interspace 
of bupivacaine (5~lOcc of 0.125% - 0.25%), in 
combination with Depo-Medrol 80-120 mg. Blocks 
were performed by an attending anesthesiologist or a 
supervised resident. Epidural spaces were identified 
by the loss of resistance technique with either a 17 
or 18 gauge Touhy needle positioned from the 
interspaces of L2-L5, with negative aspiration. 


After the injection, the patients were observed 
for approximately l hour prior to release. 


Results. Criteria used for classification of a 
subdural injection included delayed onset (longer 
than 15 mins) of an extensive sensory and some 
degree of motor block, negative CSF aspiration, and 
one or more of the following: presence of moderate 
hypotension defined as 20-30% drop from baseline, 
slow progressive respiratory embarrassment and 
incoordination, and/or delayed recovery. Eighteen 
of the 1600 patients, an incidence of 1.125%, met 
our criteria, and therefore, a subdural injection 
was assumed to have been responsible for their 
clinical course. 


Discussion. Epidural blocks occasionally 
exhibit atypical patterns of spread which can be 
explained by relative overdose, too rapid of an 


inject=cn or an injection inte the subarachnoid o- 
subdurel spaces. Several investigators have 
demonstrated radiological confirmation of catheters 
present in the subdural space in cases of apparent 
"massive epidurals". There are subtle differences 
that dictinguish subdural blocks from other causes 
of aty teal spread. For example, in several series 
of radiclogically confirmed epidural catheter 
placemert where "massive epidural" resulted, the 
clinicél course was generally milder than subdural 
blocks.! Apnea, unconsciousness, or severe 
hypotersxion did not occur, although sensory loss to 
C6 has >en noted. The characteristic features of a 
subdural block have been described and contrasted to 
high suparachnoid blockade. 


Th extra-arachnoid subdural space is a 
potential space between the dura mater and arachncid 
mater jist as the epidural space is a potential space 
between|=he dura mater and the ligamentum flavum. It 
does no- communicate with the subarachnoid space, 
but is sontinued for a short distance on the cranial 
and spital nerves. It is larger in the cervical than 
lumbar iea. It is in free communication with the 
lymphat le spaces of the nerves. The extra-arachnoid 
subdura | space can be demonstrated by radiologists 
during lka performance of a myelogram. They are 
careful jmot to inject into this area as contrast 
medium seposited in the subdural space can obscure 
the diajrostic field. 





We Felieve from our experience that the 
incidence of subdural block is higher than 
previously reported. This may be especially true 
in patiert populations where there is a high 
a | of previous back surgery. 


Cortlusion. Following a subdural injection of 
local aresthetic, onset of development of an 
extensive sensory and motor block with possible 
hypotension and respiratory embarrassment may occur 
more then 30 minutes after the injection. There is 
anatomic) evidence that the subdural space exists and 
should t= considered when there has been extensive 
spread cE an epidural block with small volume and 
dilute cyacentrations: of local anesthetic. We alse 
recommer that outpatients receiving epidural 
injecticias with even low doses of local anesthetics 
be observed for at least 1 hour before discharge. 
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Introduction. In a previous study! increased 
cutaneous blood flow to an affected digit following 
sympathetic denervation increased pulse volume ampli- 
tude (PVA) of a photoelectric plethysmograph (PEPG). 
Increased PVA of the toe following spinal anesthesia 
began to decrease when the sensory level receded 
below T-10.2 In a further study on the circulatory 
kinetics of PVA of the PEPG,; the PVA results from the 
pulsating venous flow generated by shunting of the 
arterial pulse via open arteriovenous (AV) anastomo- 
ses.2 Since AV shunting is controlled by sympathetic 
tone, sympathetic denervation and recovery during the 
course of spinal anesthesia should accordingly change 
the Pv09 of the superficial vein of the foot. 

Methods. The study was approved by the institu- 
tional review board for human studies. Twenty six 
consenting patients who underwent transurethral 
resection of the prostate under spinal anesthesia 
were divided into two groups according to sensory 
levels measured in the recovery room. The sensory 
levels of GroupA(20 patients) and Group B (6 patients) 
were T-10 or above and T-11 or 12, respectively. 
Their mean age was 72.4. A superficial vein of the 
foot or the saphenous vein at the ankle was retro- 
gradely cannulated with a 22 gauge catheter. The 
catheter was kept open with a heparin lock. Spinal 
anesthesia was achieved in the sitting position with 
tetracaine, 10-12 mg. All patients breathed room air 
throughout the study period. The bladder was conti- 
nuously irrigated postoperatively with normal saline. 
Through the catheter, blood samples were drawn to 
measure PvQy at the following times: before spinal 
anesthesia was administered, after sensory level was 
determined with the’pin-prick method, when sensory 
level receded to T-11 or 12, and when the patient was 
able to lift his hip (motor-recovery). In one addi- 
tional patient, a superficial vein on the great toe 
was retrogradely cannulated after spinal anesthesia. 
In addition to the measurements of Pv02, venous pres- 
Sure was measured via the catheter with.a pressure 
transducer placed on the toe in a supine patient. 
Also, PVA of the adjacent toe was monitored using a 


PEPG. Both tracings of venous pressure and PVA were 


simultaneously recorded. 
Results. These are summarized in the Table and 
Figure below. 


Table. Pv02 Values (mmHg) During Spinal Anesthesia 
Group A (N = 20) Group B (N = 6) 


i e 


Prespinal Control 38 + 11.6 34.5 + 5.5 
T-10 or Above 67 + 8.8  =---- 

T-11 or 12 42 +° 9.6 34.8 + 9.5 
Motor Recovery 36 + 7.0 29.0 + 8.0 


SS eee 


Values are Mean + SD. Changes in Pv09 in Group A are 
significant (One-way analyses variance). The figure 
shows simultaneous recordings of PVA (upper tracing) 
and pulsatile venous pressure (lower tracing) of the 
toe. The pulsatile venous pressure shows a mean 
pressure, 15 mmHg, and a pulse pressure, 3 mmHg, at 
sensory level T-9. As the sensory level recedes 
below T-10, the venous pulse pressure gradually 
narrows until it becomes a flat line with a mean 





pressure of 8 mmHg. The narrowing pulse pressure 
matches with decreasing mean pressure and PVA. The 
values of Pv0% decreased from 73 to 49 mmHg during 
the period. 
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Discussion. Cutaneous blood flow subserves -tis- 
sue nutrition and thermoregulation. The blood flow 
for nutrition is an insignificant fraction of the 
skin flow. However, cutaneous -flow can vary from 1 
to as much as 150 m1/100 g/min. in response to thermo- 
regulatory stimuli. These variations are possible 
because blood can be shunted through AV anastomoses 
into subdermal venous plexuses. The AV anastomoses 
are innervated by sympathetic vasoconstrictor fibers; 
therefore, Pv09 will be changed depending upon the 
sympathetic tone. Also, clinical signs of sympa- 
thetic denervation such as increased skin temperature, 
hyperemia, and venodilation can be readily explained 
by the AV shunting. Increased flow via subdermal 
venous plexuses with shunted arterial blood should 
cause a rise in skin temperature, hyperemic skin, and 
venodilation. Evidence presented in the study con- 
firms that sympathetic recovery initiates when senso- 
ry level recedes below T-10. According to known ana- 
tomy, complete sympathetic denervation of the lower 
limb requires blockade of entire preganglionic fibers, 
T-11 through L-2. If some preganglionic fibers 
recover from spinal anesthesia, recovery of post- 
ganglionic fibers should be more diffuse because of 
extensive overlapping in postganglionic innervation. 
Bladder filling and/or spasm caused by continuous 
irrigation could enhance sympathetic responses in the 
partially recovered sympathetic system at sensory 
level T-11 or 12. In summary, Pv09 in the superficial 
vein of the foot significantly increased following 
spinal anesthesia if the sensory level attained T-10 
or above. However, values of PvQ9 at the sensory 
level of T-11 or 12 were not significantly different 
from prespinal control values. It is postulated that 
enhanced AV shunting by sympathetic denervation 
increases PvQ9 and sympathetic recovery begins when 
sensory level recedes below T-10. 
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Introduction. Fixed-price payment methods 
(including DRGs) encourage hospitals and physicians 
to identify the most efficient modes of delivering 
patient care and to maximize patient volume. For 
surgical patients, ambulatory care is believed to be 
more efficient than inpatient care, though little 
data are available to support this belief. This 
study examined resource use and the patient volume 
implications among comparable patients who received 
inpatient (INPT) or Day Surgery Unit (DSU) care in 
our institution. 

Methods. We reviewed the charts of all INPTs 
and [SU patients who underwent surgical arthroscopy 
of the knee or diagnostic laparoscopy in the period 
January-June 1984. During this period, insurers did 
not require that these procedures be performed on an 
ambulatory basis. In addition, because of DSU 
scheduling delays, surgeons frequently scheduled DSU 
candidates for l1NPT care. Information on patient 
age, ASA physical status, surgical procedure and at- 
tending surgeon was collected from patient charts to 
assess the comparability of the INPT and DSU patient 
groups. Diagnostic laparoscopies were classified in 
two groups: level I included exanination only of the 
pelvic viscera, level II also included fallopian 
tube lavage. Data on four hospital resources 
(preoperative tests, time in the operating and 
recovery rooms, and analgesic medications admin- 
istered in the recovery room) were also collected 
from patient charts. Chi-square tests and Z~tests 
were used to determine the significance of differ- 
ences between groups. 

Results. Two hundred eighty-four patients were 
included in the study. There were no significant 
differences in mean patient age, physical status, 
Surgeon or anesthesia team between INPTs and DSU 
patients undergoing each: surgical procedure. All 
patients had preoperative CBCs and urinalyses. 
However, a significantly higher percentage of INPTs 
had preoperative chest x-rays, ECGs, Panel 6 tests 
and PT/PTT determinations than did DSU patients 
(Table 1). This lower preoperative testing rate for 
DSU patients may be attributed to a preoperative 
testing algorithm specified by DSU anesthesiologists 
but not used in the INPT ORs. Mean total operating 
room time was significantly longer for INPTs than 
for DSU patients (p<.002). Mean recovery room time 
was longer for DSU patients than for INPTs (p<.002). 
A significantly higher percentage of INPTs received 
analgesic medication in the recovery room than did 
DSU patients (p<.02). Notably, all INPT recovery 
room analgesics were IV narcotics while only 12% of 
the DSU analgesics were parenteral narcotics. For 
surgical arthroscopies, the difference in oper 


Nursing, University of Pennsylvania, 


ating room time translated to a lost opportunity 
of 1.8 INPTs and $248-S$466 in anesthesia payments 
per operating room per day, depending on the 
reimbur jement scheme (Table 2). 

Dijcussion. This study compared intrainsti- 
tutiona| differences in the use of four hospital 
resourc-:s. For comparable groups of patients, far 
fewer pjeoperative tests and recovery room analge- 
sics wefe used in the DSU. Nurse and aide labor 
costs (jalculated from OR and RR times) were also 
lower the DSU ($8 to $24 per case). These 
analyses support the premise that day surgery may 
be more |resource-efficient than inpatient care and 
also pravide information with which anesthesia and 
surgery |departments and institutions can reasses 
their inpatient practices. 


Table 

Percent of INPTs and DSU patients with each 

preoperative test per surgical procedure. 

Preop | Surgical Level 1 Level 2 

Test Arthroscopy Laparoscopy Laparoscopy 
INPT DSU INPT DSU  INPT DSU 


N = 61 62 24 49 42 46 


X-ray 39% * 12% 58% * 24% 79% * Og 
ECG 304 ** 11% 50% * 12% 83% * 2% 


Panel 6| 92% * 3% 75% * 0% 86% * 2% 


PT/PTT | 41% * 2% 25% * 2% 2% 0% 


a eS el Sh OP 


*p 1.01 
*kp-1.05 


Table 2. 

Estimated number of surgical arthroscopy patients 
and anes@hesia reimbursement per seven—hour 

room shift (based on statewide Blue 








INPT DSU 






128 min 83 min 
Turnarour#i time 30 min 10 min 
Number off patients 2.8 patients 4.6 patients 


Time-based payment $943 $1,191 
Fixed-prife payment $725 $1,191 
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Introduction. It has been postulated that ad- 
ministration of nitrous oxide is associated with 
high incidence of postoperative nausea and vomiting 
but no well controlled studies have been carried out 
to demonstrate this (1). The aim of this study was 
to find out whether and to what extent nitrous oxide 
contributes to the occurrence of emetic symptoms af- 
ter isoflurane anesthesia. The incidence of nausea 
and vomiting was compared after general anesthesia 
with isoflurane-air-oxygen to those after isoflurane- 
nitrous oxide-oxygen anesthesia. 


Methods. One hundred and ten patients sched- 
uled for abdominal hysterectomy were entered. The 
study protocol was approved by institutional ethical 
committee and informed consent was obtained from each 
patient for the study. Only patients in ASA I or HI 
groups and between ages 35 to 55 years were studied. 
Patients were randomized according to their date of 
birth to receive either nitrous oxide or air. The 
person evaluating the emetic symptoms was not aware 
of the method of anesthesia used. Patients were pre- 
medicated with meperidine 1 mg/kg 40 to 60 min before 
anesthesia. After insertion of i.v. cannula and start 
of i.v. infusion (Ringers solution) 1.5 mg of alcu- 
ronium chloride, 0.2 mg of glycopyrrolate and 0.1 
mg of fentanyl was administered into the stream of 
the i.v. solution. Two minutes later anesthesia was 
induced with 4 mg/kg of thiopental. Oral endotracheal 
intubation was facilitated with 1.5 mg/kg of succi- 
nylcholine and anesthesia was maintained in random 
order either with isoflurane in nitrous oxide and 
oxygen (30%) or with isoflurane in air and oxygen 
(30%). Starting inspired concentration of isoflurane 
was 1% for those receiving nitrous oxide and 1.5% for 
those not receiving nitrous oxide. Thereafter iso- 
flurane was administered according to clinical needs 
its concentration being changed if systolic blood 
pressure or heart rate changed more than 25% from 
baseline. Average inspired isoflurane concentration 
was estimated from the anesthesia chart for both 
groups. Fentanyl was used as an adjunct to isoflurane 
anesthesia and was given. in a standardised way 0.05 
mg every 45 minutes. Alcuronium was used to maintain 
neuromuscular blockade: 20 to 25% of the patients’ 
muscle power was maintained as assessed with neuro- 
stimulator. End-tidal CO., was continuously measured 
wth a capnometer to ascértain normoventilation in 
buth groups. At the end of anesthesia glycopyrrolate 
0.4 mg and neostigmine 2.0 mg were given i.v.. Oxy- 
codone chloride was used for postoperative pain and 
droperidol for emetic symptoms when needed in both 
groups. The incidence of emetic sequelae_was deter- 


ferent intervals: 0 to 2, 2 to 6, 6 to 12, 12 to 18 
and 18 to 24 hours as in our previous studies (2,3). 
At the end of each interval a trained nurse register- 
ed whether retching or vomiting had occurred and ask- 
ed the patient whether she felt nauseated. Student’s 
t-test and chi-square test were used for statistics. 


Table 1. Summary of findings (mean=SD) in 
patients undergoing abdominal hysterectomy under 
isoflurane-air-oxygen (Air-0.) or isoflurane- 
nitrous oxide-oxygen (0-09 anesthesia. 








Air - 05 N50 - 05 

Patients 

n 23 22 
Age (yr) 42-4 43-5 
Weight (kg) 66-10 66-12 
Height (cm) 165-5 163-6 
Duration of anesth. (min) 103-36 102231 
Average inspired = R 
isoflurane conc. (%) 1.4-0.2 1.1-0.2 
Oxycodone for P R 
postoperative pain (mg) 59-12 57-17 
Emetic symptoms 

during 24 h (%) 

none 38 33 
nausea 33 33 
retching 16 18 
vomiting 13 16 
Patients given 
droperidol (%) 44 55 





Results. Characteristics of patients and sum- 
mary of findings are presented in Table 1. The groups 
are constituted similarly. No difference was found 
during any time interval studied in the incidence or 
severity of emetic symptoms between the two anes- 
thetic techniques used. The percentage of patients 
given droperidol for emetic symptoms was similar in 
the two groups, as well. 


Discussion. The method used to assess postop- 
erative emetic symptoms has previously proved sensi- 
tive in evaluating of the effects of antiemetic drugs 
on the incidence and severity of postoperative nausea 
and vomiting (2). In this study omission of nitrous 
oxide from routine anesthetic technique did not 
decrease the incidence or severity of postoperative 
emetic symptoms. It is concluded that nitrous oxide 
does not contribute to the occurrence of emetic 
symptoms after isoflurane anesthesia. 
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Introduction. Sufentanil (S) has been reported 
to provide complete anesthesia with minimal effects 
on cardiovascular variables.! Previous reports 
using doses of 15 ug/kg in patients with coronary 
disease significantly decreased systolic pressure 
and peripheral resistance prior to surgical 
incision,! although doses of 8-30 ug/kg anesthesia 
have been recommended. In an attempt to avoid 
hypotension, we randomly compared the cardiovascular 
and endocrine effects of S, 5 ug/kg, and, as S is 
4-5 times more potent than fentanyl] (F), an F dose 
of 25 ug/kg in 17 consenting patients with valvular 
heart disease. 

Methods. Premedication was morphine 0.1 mg/kg 
and scopolamine .005 mg/kg IM 1 hour prior to study. 
Peripheral intravenous infusions of 5% dextrose were 
placed to ensure venous patency. Radial and pulmo- 
nary artery catheters were inserted using local 
anesthesia. Control measurements of systolic (SAP), 
diastolic (DAP), mean arterial pressure, heart rate 
and rhythm, pulmonary artery systolic, diastolic, 
mean and wedge pressure, central venous pressure, 
arterial blood gases, and plasma catecholamines were 
made with the patient spontaneously breathing 100% 
oxygen. Thermodilution cardiac outputs were per- 
formed in triplicate. Systemic (SVR) and pulmonary 
vascular resistance (PVR) and left ventricular 
stroke work index (LVSWI) were calculated with 
Standard formulas. Plasma norepinephrine and 
epinephrine were determined by high performance 
liquid chromatography. 

After control measurements, metocurine, 6 mg, 
was given IV to prevent chest wall rigidity during 
subsequent narcotic administration. S, 5 ug/kg, or 
F, 25 ug/kg, were then given IV over 2-3 min and all 
variables repeated 1 min after induction. 
Ventilation was controlled to maintain pCO» at or 
near 40 mmHg. After these measurements, metocurine, 
0.22 mg/kg, was given. Additional measurements were 
made at 2 min after incision, 2 min after sternotomy 
and aortic cannulation. Additional doses of S, 
50-150 ug, or F, 250-300 ug, were given for 
hemodynamic changes of 15% over control or signs of 
light anesthesia. Statistical analysis of variance 
was performed on the data as directly measured and 
as % of control. 

Results. There were 5 patients with aortic 
and 4 with mitral valve disease in F group. There 
were 3 patients with aortic and 5 with mitral valve 
disease in the S group. When compared to control, 
MAP decreased significantly on induction and at 
aortic cannulation in the F group. Cardiovascular 
variables were unchanged by induction or maintenance 
of anesthesia with S except for an increase in PVR 
and SVR and a decrease in CI at sternotomy. 

When the two groups were compared to each other 
as % of control, PVR increased in S patients at skin 
incision (124% vs 88% in F patients, p<.05) and 
sternotomy (157% vs 92% in F, p<.05). While LVSWI 
decreased on induction with F, SVR and PVR in the S 
group and MAP in the F group increased significantly 
at sternotomy (Figure). There were no differences 
between groups in catecholamines, but considerable 
variability was present. 


+ |l S patients achieved complete anesthesia 
with -¥2 5 ug/kg induction dose. In contrast, three 
F pat-ents were responsive to command after fentanyl 
induc~"9n and required lorazepam (2) or thiopental 
(1) tc prevent apparent awareness after the 25 g/kg 
F dose.| Isoflurane was required to contro] 
sterncramy hypertension in 2 other patients in the F 


group. hne of whom required lorazepam during 


sternctomy to prevent awareness. 

C7scussion. This study indicates that 
induct—n of anesthesia with either S (5 yg/kg) or F 
(25 woxkg) produces minimal hemodynamic changes, but 
anesthesia was not consistently complete with F. 
Income ate anesthesia with responsiveness to command 
occur in 33% of F patients. Similar results were 
noted Ly Bailey in that 26% of patients were not 
unconsjjious with a 30 pg/kg dose.2 Unlike fentanyl, 
reliaEke, more complete anesthesia without 
undestrable hypotension can be achieved with 
induct-pn doses of sufentanil, 5 ug/kg. PVR 
incres=ed on incision and sternotomy in patients 
receiving sufentanil. Additional S doses might 
atteni=te this increase in PVR with surgical 
stimuEtion. However, because MAP and CI were 
uncharsed, the increased PVR appears to have minimal 
clinic] significance. 
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Intraoperative monitoring of somatosensory evoked 
potentials (SSEP) may be useful during carotid 
endarterectomy. However, no critical comparison 
with EEG monitoring has been made and no criteria for 
interpretation of SSEP changes have been defined. We 
report here our experience with simultaneous 
monitoring of SSEP and conventional EEG in a series 
of patients undergoing carotid endarterectomy. 


Materials and Method. The study was approved by 
institutional Ethics Committee. Thirty-four 
consecutive patients undergoing carotid 
endarterectomy were studied. All patients were 
induced with thiopental, fentanyl and succinylcholine 
and maintained on 50% nitrous oxide and isoflurane 
(32) or halothane (2) and pancuronium. Monitoring 
included end-tidal CO, and nasopharyngeal 
temperature. Sixteen channel EEG was recorded in the 
conventional manner using standard montage. SSEP was 
recorded from the somatosensory cortex (C3' or C4') 
ipsilateral to the surgical site as well as over C 
spine. Both EEG and SSEP were recorded prior to 7 
cross-clamping of the carotid artery, continuously 
during cross-clamping, and again following release of 
the clamp. Recognizing the influences of inhaled 
anesthetics on SSEP, the inspired concentration was 
limited to 1% and was less than 0.5% in most 
instances. As well, attempts were made to ensure 
that anesthetic depth was constant during the 
recording periods. Whenever feasible stump pressure 
was also recorded. Postoperatively, the patient was 
examined for development of new neurological 
deficits. SSEP recordings were analyzed using both 
the amplitude of the cortical peak (N20) and central 
conduction time (CCT). Changes observed during 
cross-clamping were correlated with EEG changes and 
postoperative neurological deficits. 


Results. Satisfactory SSEP and EEG recordings were 
obtained in 31 patients, and stump pressure was 
measured in 29. Mean age of the patient was 6448 
(SD), the occlusion time was 36+11 mins and the Paco, 
was 40+3 mmHg. The mean stump pressure was 48+14 
mmHg. The mean isoflurane concentration used during 
cross-clamping was 0.440.2%. The significant 
findings are summarized in Table 1. Twenty-one 
patients had stable SSEP throughout the procedure and 
none had EEG or developed new neurological deficits. 
To facilitate interpretation of SSEP, criteria were 
established for categorization depending on whether 
the major change was in amplitude, central conduction 
time or both. Three patients had significant 
reduction of amplitude with cross-clamping and in two 
of these patients simultaneous EEG changes were 
observed. Two patients in this group also developed 
transient new neurological deficits in the recovery 
room, but only one of these two had EEG changes. 

Four patients had increase of CCT > 1 msec, but in 
two patients this was of a transient nature lasting 
less that 5 minutes despite continued cross-clamping. 
In one patient this reversed with the release of the 
cross-clamp while the remaining patient demonstrated 


only partial recovery and this correlated with 
persistent changes in EEG. No patient in this group 
developed any new neurological deficits. In the 
remaining three patients who demonstrated a major 
SSEP change, this was of a transient nature in two, 
and reversible in one. None developed EEG changes 
and only one patient developed a transient 
neurological deficit. 


Discussion. Our study demonstrated that (1) the 
incidence of stroke following carotid endarterectomy 
in this series was extremely low; only 3 patients 
developed neurological deficits in the recovery room 
and all were of a transient nature. This was in 
spite of the fact that no action was taken based on 
either SSEP or EEG changes. (2) Comparing SSEP 
changes and EEG changes, and correlating these with 
new neurological deficits, no clear cut advantages 
of SSEP monitoring could be demonstrated. In 
patients who had unchanged SSEP during cross- 
clamping, there was perfect correlation with EEG 
monitoring and absence of postoperative neurological 
deficits. In patients who developed SSEP findings, 
it was evident that transient changes were not 
important, and that reduction in amplitude > 50% was 
a better criterion to use than changes in CCT. 
Perhaps one can argue that SSEP monitoring is 
marginally better than EEG monitoring since all 
patients who develped new transient neurological 
deficits had developed reversible SSEP changes but 
not all had EEG changes. We conclude that if SSEP 
monitoring is to be used for intraoperative 
monitoring of cerebral function during carotid 
endarterectomy, the criterion of 50% reduction in 
amplitude should be used and that transient changes 
are of no consequence. 


Reference 


1. Markand ON, Dilley RS, Moorthy SS, Warren C. 
Monitoring of somatosensory evoked resonses during 
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NEW 
EEG NEUROLOGICAL STUMP PRESSURE 

SSEP CHANGES CHANGES DEFICITS (mmHg) 

I Unchanged 21 Q 0 50413 
II + amp > 50% 3 R) 2(R) 2(T) 15,19,38 

III + CCT > 1 msec (2T) 1(T) 42,55 

4 (1R) 0 0 77 

(1P) 1(P)} 37 

IV +amp > 50% (2T) 0 0 36,50 


and 
+CCT > 1 msec (1R) 0 1(T) 54 
transient changes that resolved spontaneously without release of clamp 
changes that reversed with release of clamp 
persistent changes 
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Introduction. An increasing geriatric 
population has made the operation for senile 
cataract more common. Perioperative psychol- 
ogical problems, consisting mainly of pre- 
operative fear, postoperative confusion, poor 
memory, and inability to concentrate, often 
occur. An increasing bed shortage has made it 
popular to do cataract operations on a day bed 
basis. There is concern that delayed mental 
recovery of these patients, makes it unsafe to 
discharge them the same day as their operation. 
This study was done to assess the mental re- 
covery of elderly patients post cataract 
operation under local anaesthesia and sedation. 


Method. This study was approved by the 
Human Experiments Committee of University of 
Toronto. Ninety alert and oriented patients, 
over 60 years of age (mean age 73.15 years), 
scheduled to undergo cataract operation under 
local anaesthesia and sedation, participated in 
the study. Informed consent was obtained. 


Mental function was assessed preoperatively, and 


at 6 and 24 hours postoperatively. Mini-Mental 
State (MMS) was used (1). MMS concentrates on 


the cognitive aspects of mental function such as 


orientation, registration, attention and calcu- 
lation, recall and language. A retrobulbar 
block and intravenous sedation with fentanyl, 
droperidol and diazepam were given as required. 
The preoperative score was the control and this 
was compared with the scores at 6 and 24 hours. 
Comparison between groups was made by Students' 
t test for the total score and for each MMS 
subdivision. 


Results. Our results showed a statistic- 
ally significant difference between mean total 
scores preoperatively and at 6 hours post- 
operatively (Fig 1 P<.001). There was no 
difference between control total score and 24 


hours later. There was a significant difference 


at 6 hours for attention and calculation 
(P<.05), recall (P<.02) and language (P<.001). 
Scores at 24 hours showed a significant differ- 
ence for recall (P<.05), but no difference for 
orientation, registration, attention and calcu- 
lation, and language (Fig 2). The range for 
normal cognitive function is from 24 to 30. 

An impaired level of cognitive function was 
found in 20 patients pre-op (22%), 32 at 6 
hours (35.52), and 15 at 24 hours (16.6%). 


Discussi:m. Since 37.7% of patients had 
impaired cojmitive function at some stage in the 
perioperatije period, and 35.5% were impaired at 
one or both |stages postoperatively, it seems that 
the increas mg trend to perform cataract surgery 
on a day be! basis, should be encouraged only if 
accompanied |by a screening test, such as MMS, which 
would allow -dentification and admission for 
further recarery, of patients with impaired 
cognitive famction. 

4 


Mean change in total MMS 


-4 





TIME (number of hours post-op) 


Fig. 1 
attention and 
2 calculation O—o * p< .05 
recale--8 *p<.02 ** p<.05 
language Bessas *¥ p<.001 


Mean change in MMS (subdivision) 





TIME (number of hours post-op) 


Fig. 2 
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Introduction. While preoxygenation prior to 
anesthetic induction, laryngoscopy and endotracheal 
intubation increases arterial oxygenation, the 
influence and interaction of face mask Fit 
(proximity of the anesthetic mask to the face), time 
and preoperative pulmonary function on PaO, during 
this interval has not been documented. Therefore, 
the purpose of this study was to quantitate the 
influence and interaction of face mask proximity 
(GAP); preoperative pulmonary function (as measured 
by FEV,) and time on the rate of rise and ultimate 
PaO, during preoxygenation in preoperative patients. 

Method, Twenty adult patients scheduled for 
operations requiring an arterial catheter provided 
informed consent and served as the experimental 
Subjects. Each had a forced expiratory volume 
(FEV,) performed prior to operation and were placed 
in Groups I and IL, respectively, if FEV, was > or < 
504 of predicted. All patients received diazepan, 
10 mg PO, one hour prior to beginning the study and 
had an arterial catheter inserted into a radial 
artery for blood gas sampling. A No. 3 adult face 
mask was modified by gluing three 1x2xl cm spacers 
(Lego®) to the rim so that additional spacers could 
be added to obtain the required GAP. A standard No. 
3 adult face mask was used when the mask was applied 
to the patient's face. A Mapleson A circuit with a 
fresh gas flow of 8 L/min of oxygen was used in all 
cases. The circuit pop-off valve was closed when 
the mask was held away from the patient and fully 
open when the mask was on the patient's face. 
Preoxygenation was performed at distances of 4, 2, 
l and O cm from the face for 4 min. each. A 15 
minute stabilization period during which the patient 
breathed room air was allowed between preoxygenation 
at each distance. Arterial samples for blood gas 
analysis were taken before (control), and at l, 2, 
3, and 4 minutes during preoxygenation. Correlation 
coefficient matrices and multiple regression 
equations were computed using a cpppercially 
obtained statistical processing software ° 

Results. PaO, rose fastest and attained highest 
values in patients with FEV, > 50% and the face mask 
on the face (0 GAP). The PaO, of Group I patients 
at 0 GAP was 283 + 16 mmHg* by 2 mins and 317 + 13 
mmHg* at 4 min. In contrast, patients with GAPs of 
4 cm and FEV, <50% the PaO. was 95 + 7 mmHg* by 2 
min and 109 + 7 mmHg* at 4 fin. While FEV,, GAP and 
time all were correlated with Pa0,, the best 
predictor was FEV, and the least tite, Table l. 
When FEV, and GAP are known, PaO, can be predicted 
at any time from the following equation: 


= * * 

PaO, = By + B)*FEV, + B, *TIME (Eq. 1) 
Correlation coefficients of the four groups are 
shown in Table 2 and computed regression planes in 
Fig. l. 

Conclusions. The results of this study demon- 
strate that increases of PaO, during preoxygenation 
are directly related to FEV,, time and indirectly to 
mask leak. They also indicate that with large mask 
leaks, time and FEV, have less effect on PaO, and 
with no leak FEV) is the most important determinant 


of the rate of rise and ultimate PaO. attainable. 
Our data provide quantitative evidence that patients 
with impaired pulmonary function require minimal 
mask leak and increased time to maximize PaO, during 
preoxygenation and enable prediction of PaO, vs time 
at any FEV and measured mask leak (GAP). 


* Data expressed as mean + S.E. 


Table l. Correlation of predictors with PaO 


2 
Predictor © 
FEV) 0.57 
GAP -0.49 
TIME 0.31 


Table 2. Correlation coefficients for predictor 
factors of PaO.- with GAP constant 


2 
GAP FEV, TIME 
0 0.7065 0.3670 
l 0.7353 0.4756 
2 0.7014 0.3982 
4 0.5397 0.1618 


PaO2 , mmHg 


Byuw ' “ong 





Figure l. Regression planes for prediction of Pad. 
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Introduction. The epidural space is frequently 
located by loss of resistance to injection of air 
through a glass syringe. Glass syringes are used 
vecause the glass to glass contact of the plunger 
and the barrel offer low resistance and allow the 
plunger to "bounce back" when the air is compressed. 
Further, this low resistance facilitates advancement 
of the plunger when the epidural space is reached. 
It is therefore desirable that the friction between 
the plunger and the barrel be minimized. Whereas 
anesthesiologists frequently lubricate the syringe 
with liquids in order to decrease resistance, it is 
our contention that dry polishing the plunger within 
the barrel will in fact achieve this aim. We 
further believe that lubricating syringes with 
Liquids will tend to increase resistance. This 
study was designed to evaluate plunger resistance in 
glass syringes that; 1) have or have not been 
polished and 2) that have or have not been 
lubricated with saline. 

Methods. New 5ml glass syringes (Deseret) were 
used for each experiment (n=15). Polishing of the 
plunger was achieved by rotating the barrel five 
full revolutions in both directions around the 


stationary plunger. Saline lubrication was 
accomplished by dipping the tarrel and plunger into 
Saline, thoroughly wetting both surfaces. In 


polished/lubricated syringes the above procedures 
were combined. 

Four groups of syringes were studied: 1) 
Unpolished and dry; 2) Polished and dry; 3) 
Unpolished and saline lubricated; 4) Polished and 
saline Lubricated. The barrel of the syringe was 
mounted in the horizontal nosizion in a syringe pump 
(Sage 351) and the plunger connected to a force 
transducer (Grass 10D) to measure static force of 
resistance (fs) at the instant that movement began 
and dynamic force of resistance (fd). ‘The force 
transducer was connected to a chart recorder (Gould 
2400) for measurement of (f). The plunger was 
withdrawn at a rate of 6.5 om/min. All measurements 
were conducted at room temperature. Data were 
analyzed using Student's T test for paired data. P 
< 0.05 was considered significant. 

Results. In all cases, polishing of the syringe 
barrel against the plunger significantly reduced fs 
and fd. In the dry syringes, polishing reduced fs 
from 11.38 + 3.48(g) to 5.29 + 2.09(g) and fd from 
8.16 + 3.28(g) to 4.38 + 0.94(g) (Table). In the 
saline lubricated syringes both resistance 
measurements (fs and fd) were significantly higher 











dry syringes. Polishing reduced fs in the 
syringes from 53.18 + 15 to 23.5 + 11(g) and 
40.9 + 15.2 to 19.9 + 4.2(g). = 

Ciscussion. Epidural anesthetic technique is 
around accurate and safe location of the 
space. Loss of resistance to air is a well 


established method of locating this space. Because 
the complications of accidental dural puncture are 


ally severe, it is of vital importance that 
with equipment and technique be minimized. 
E resistance to air would be unreliable if 
Plungers were adherent to the barrel 


sur faces On the other hand, syringes which have 
only minimal resistance to plunger motion make this 
techniqie safe and reliable. ‘The force requirei to 


syringe plunger is equal in magnitude and 
irə in direction to the force of resistance 
manifested through contact with the barrel. Our 
data indicate that polishing reduces resistance 
whether the syringes are saline lubricated, or dry. 
Further, our data shows that wet lubrication of the 
consistently increases resistance to motion 
plunger. The best results (i.e., lowest 
ce) were achieved with dry polishing 
We therefore suggest that the best way to 
sensitivity of the "loss of resistance to 















~- 


air echnique, is to polish the plunger in the 
barrel] of the syringe while keeping the glass to 
glass l|aterface dry. 


TABLE 





OF STATIC AND DYNAMIC RESISTANCE (fs, fd) 


Inpolished Dry | Polished Dry 
| 

fs 11.38 + 3.48 | 5.29* + 2.09 
| 

fd 8.16 + 3.28 | 4.38* + 0.94 


Polished Saline 
Tubricated 


“npolished Saline | 
Lubricated 


# 


*# 
fs 53.18 23090 Fe Ld 


# 


+ 15 


, x 
fd 40.9” + 15.2 | 19.9 " + 4.2 





-05 comparing unpolished to polished 
05 comparing dry to wat 
Fd are in grams 


# p< 
fs ang 
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Introduction. Patients with terminal liver 
disease undergoing liver transplantation have major 
hemodynamic instability intraoperatively. Cardio- 
vascular data, obtained through the use of pulmonary 
artery catheters, has been described for these pro- 
cedures. (1) Despite this knowledge, however, hypo- 
tension after reperfusicn of the donor liver remains 
a problem. Hypovolemia, as well as myocardial de- 
pression have been cited as potential mechanisms of 
the hypotension. (2) We describe here our use of two 
dimensional transesophageal echocardiography (2-D TEE) 
during liver transplantation and its value in differ- 
entiatina between hypovolemia and depression of myo- 
cardial contractility. 


Method. This protocol was approved by our 
institutional Human Subjects Review Board. We 
describe two patients ir whom 2-D TEE was used during 
liver transplantation. Anesthesia was induced with 
thiamylal and succinylckoline and maintained with 
isoflurane, oxygen/air and pancuronium. An 11 mm 
gastroscope tipped with a 3.5 mHz ultrasonic trans- 
ducer (Diasonics, Salt Lake City, UT) was inserted 
into the esophagus to obtain a cross-sectional view 
of the left ventricle at the level of the papillary 
muscles. The Diasonics CardioVue 6400 Ultrasono- 
graph was used to contiruously display images. Video 
recordings were made of these images from which left 
ventricular end-systolic diameter (LVESD) and end- 
diastolic diameter (LVEDD) were measured; the per- 
centage of change in diameter (%AD) was calculated. 

The first patient was a 28-year-old female 
with liver failure secordary to Budd-Chiari syndrome. 
The liver failure was associated with intemnittant 
coma and massive ascites. The second patient was a 
56-year-old female with cirrhosis secondary to chronic 
active hepatitis. Echocardiograms performed in both 
patients several weeks prior to transplantation 
showed normal left ventricular function and chamber 
Size. 


Results. Initial evaluation of the 2-D TEE in 
patient 1 showed poor septal wall motion, as well as 
small LVESD and LVEDD. Initial pulmonary capillary 
wedge pressures (PCWP) were between 12 and 17, and 
cardiac outputs were 3.5 to 5 L/min. If 2-D TEE had 
not been used, we would have stopped volume infusion 
after PCWP reached 17 mmHg. However, guided by the 
small cavity dimensions, we infused volume, resulting 
in an increase in cavity dimension; PCWP increased to 
20 and cardiac output to 7 L/min. Release of ascites 
resulted in improvement in septal wall motion and an 
increase in LVEDD fran 3.3 cm to 4.2 cm; %AD improved 
from 18 to 33%. Subsequently, reperfusion of the 
donor liver was associated with a 30% decrease in 
blood pressure. Although fluid loading before cross- 
clamp release increased the LVEDD to 5.5 cm (%AD = 
47%), LVEDD dropped after reperfusion to 2.2 cm, and 
SAD was 59%. Infusion of volume as well as calcium, 
glucose, and bicarbonate resulted in a return of 
blood pressure to baseline, an increase in PCWP to 
25, and a return to normal in LVEDD. 


Echocardiographic images in patient 2 were also 
initially associated with small LVEDD (2.8 cm), a 
PCWP of 9 mmHg and a cardiac output of 4-5 L/min. 
Infusion of volume increased LVEDD (4.2 cm), PCWP to 
18, and cardiac output to 6 L/min; %AD was relatively 
unchanged (53% from 57%). Reperfusion of the donor 
liver was associated with a 40% decrease in blood 
pressure, as well as a fall in PCWP to 9 mmHg, and a 
decrease in LVEDD from 5.2 to 4.0 cm. This depress- 
ion was alleviated by an infusion of volume and cal- 
cium; blood pressure returned to normal, PCWP 
increased to 10 mmHg, ané cardiac output to 7.5 L/min 
The %AD was 36% before releasing the cross-clamp, and 
40% after release. 


Discussion. The use of 2-D TEE was invaluable 
in the management of these two patients. The 
hypotension after reperfusion of the donor liver was 
Seen to be largely due to hypovolemia, which was then 
appropriately managed with fluids. The 2-D TEE 
enabled us to avoid treatment with sympathomimetic 
drugs, which otherwise would have been used with 
such a high PCWP; these drugs cause vasoconstriction 
which can reduce splanchnic blood flow, theoretically 
to the point of affecting graft survival. 

The hypotension after unclamping the portal vein 
and vena cava has been reported to be accompanied by 
a decrease in cardiac output even when PCWP was 
restored to baseline values, suggestive of myocardial 
dysfunction. (1) The results of our study suggest 
that this hypotension is largely due to decreased 
blood volume and not gross myocardial depression; 

AD did not. decrease after release of the cross- 
clamp. Hypovolemia appeared to be the major 
determinant of hypotensicn. 

PCWP did not predict preload as determined by 
LVEDD. Patients who have undergone coronary bypass 
grafting show similar discrepancies. (3) These 
changes in compliance may be due to mechanical 
effects, such as right ventricular dilation, inter- 
ventricular septal shift secondary to pulmonary 
disease and mechanical ventilation, or massive asci- 
tes. In patient 1, interventricular septal movement 
improved after removal of the ascites. 

Two-dimensional echocardiography allows more 
specific diagnosis and treatment of the causes of 
the hypotension seen during liver transplantation, 
and may benefit graft, and consequently patient out- 
came. 
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Introduction. Fluorinated anesthetics were 
detected in vivo in the brains of anesthetized rats 
by performing nuclear magnetic resonance (NMR) spec- 
troscopy at a higher magnetic field (5.6 Tesla) than 
that used in previous in vivo fluorine studies. The 
objectives of this study were to see: l) if high 
magnetic fields make it possible to discern distinct 
molecular environments, or compartments, in vivo; 
and, 2) if NMR measurements of the uptake and elimi- 
nation characteristics of general anesthetics gen- 
erally agree with well established concepts of solu- 
bility (1). Recently published reports have indi- 
cated that in vivo NMR studies in rabbits demon- 
strate the intracranial presence of sizeable quanti- 
ties of halothane (= 20% of the maximal detected 
value) some 98 hours after anesthesia is discontin- 
ued (2,3). 


Methods. Five randomly chosen adult Sprague- 
Dawley rats (350-450 gms) were anesthetized with 
halothane and oxygen, paralyzed with 2 mg of pancu- 
ronium, and mechanically ventilated. Normal body 
temperature, (39 + 1)°C, was maintained throughout 
the study. NMR measurements were performed in vivo 
in the prone position, using a l2x8 mm two-turn 
elliptical surface NMR detection coil that was 
placed over the head. The associated balanced 
matched resonance circuit for the coil was tuned to 
222.77 MHz, the 19F operating frequency of our 5.6 
Tesla horizontal bore spectroneter. Chemical shifts 
were measured relative to the narrow potassiun 
fluoride signal (9.2 ppm) in a reference capillary 
tube that was 5 mm away from tne NMR detection coil. 
Spectra were determined every 4.7 minutes from 128 
data acquisitions. An air flow of 10 liters/minute 
was maintained through the magnet bore to eliminate 
the sharp background signal that appears if 
halothane vapor is allowed to collect near the coil. 
NMR signal intensities were determined from the 
areas of Lorentzian curves that were fit to the 
spectra with a least-squares computerized algorithm. 
A special depth-pulse technique (4) was used to 
assure that the signals came from intracranial tis- 
sue. A modified saturation-recovery method was used 
to determine the spin-lattice relaxation time, T4, 
to an accuracy of 10%. In all five animals we meas- 
ured: the time course of halothane wash-in (wash~- 
out) after abruptly raising (lowering) the inspired 
anesthetic concentration from 0.25% to 1.00% (1.00% 
to 0.00%); and the Tj relaxation time. All five 
aninals were recovered from anesthesia at the end of 
the experiment. Three special studies were also 
performed: a) in one rat a 6x4 mm coil was placed 
directly on the dura after a partial craniectomy; b) 
in one rat a coil was placed over the thigh; and, 
c) one rat was anesthetized with isoflurane instead 
of halothane. 
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Introduction. Loss of oxygen supply pressure 
during nitrous oxide anesthesia has caused morbidity 
and mortality.! The shift to bulk oxygen delivery 
systems has reduced the frequency of oxygen pressure 
loss; however, bulk systems can fail.? The ANSI 
standard requires that anesthesia machines be fitted 
with a fail-safe device to reduce or stop the 
delivery of other gases when oxygen supply pressure 
decreases by 50%.° We compared the fail-safe 
performance characteristics of several brands of 
anesthesia machines in daily use at our institution. 

Methods. Every model anesthesia machine used 
in our main OR was tested: Ohmeda Modulus II (n=1), 
Fraser Harlake Boyle 50 with Monitored Dial Mixer 
(MDM) (n=3), Fraser Harlake Boyle 50 with 
conventional flowmeters (n=2), North American Drager 
(NAD) Narkomed Standard (n=3), and NAD Narkomed 2 
(n=2). A variable pressure regulator equipped with 
a pressure gauge (Speedaire Model 2Z767A) was placed 
between the oxygen wall outlet and the anesthesia 
machine; it was initially set to 50 PSI. The 
flowmeters on the anesthesia machine were set to 
2 L/min N,0 and 1 L/min 0,. Oxygen supply pressure 
was then decreased in 10 PSI increments without 
further adjustment of the flow needle valves. At 
each pressure setting, total flow and percent oxygen 
were measured at the fresh gas outlet. Total flow 
was calculated with a Collins Respirometer. Percent 
oxygen was measured with a calibrated Critikon 
OxyChek oxygen analyzer. 

Results. The results for a representative 
machine of each model are shown in Figures 1 and 2. 
The machines did not allow nitrous oxide to flow 
when oxygen supply pressure was zero. All, except 
the Narkomed Standard, delivered stable oxygen 
concentrations down to oxygen line pressures of 30 
PSI. Oxygen flow from the Narkomed Standard 
decreased without change in nitrous oxide flow until 
the nitrous oxide fail-safe valve was activated at 
20 PSI of oxygen. The Narkomed 2 and the Fraser 
Harlake with conventional flowmeters responded with 
both an oxygen flow decrease and a proportional 
decrease in nitrous oxide flow. The Modulus II and 
the Fraser Harlake with MDM proportionator kept 
total flow and oxygen concentration stable at 
decreased oxygen supply pressures. Below 25 PSI 
oxygen the Ohic machine shut off all nitrous oxide 
flow; below 10 PSI oxygen the Fraser Harlake machine 
decreased nitrous oxide flow in proportion to the 
decrease in oxygen flow. 

Discussion. All the machines tested are 
equipped with oxygen fail-safe devices which comply 
with the ANSI standard.? However, some methods of 
providing this safety feature worked better than 
others. 

In a situation where there was a sudden loss of 
all pipeline pressure, the machines responded 
comparably. With moderate drops in pressure down to 
25 PSI, the Modulus II and Fraser Harlake with MDM 
proportionator delivered both unaltered flows and 


stable oxygen concentrations (the MDM was stable 
down to 10 PSI oxygen). When the pressure of oxygen 
gradually fell to zero, only the Modulus II 
delivered the preset oxygen concentration followed 
by a period of 100% oxygen delivery before all flows 
ceased. 

We feel that the NAD Narkomed Standard is a 
potentially dangerous machine in the event of a 
partial loss of oxygen pipeline pressure. It 
responded by delivering less than 50% of the preset 
oxygen concentration before a safety valve was 
activated. Furthermore, the machine is a hazard 
because it lacks an oxygen pipeline pressure gauge 
and a low oxygen supply pressure alarm. 


‘—O Narkomed Standard 


“a Freser Harlake with MDM ~~. Freser Harlake with regular 
—s Modulus II flowmeters 


“8 Warkomed 2 
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Introduction: The anesthetic record is 
important not only for patient care, but also to 
recreate the patient's intraoperative course. 
Following a recent untoward intraoperative event at 
our institution, perusal of the anesthetic record 
revealed no trend to indicate the imminent 
physiologic collapse. We subsequently undertook a 
study designed to examine anesthetic record accuracy 
for three commonly recorded physiologic parameters: 
systolic and diastolic blood pressure, and heart 
rate, 


Methods: The acquisition of the non-invasive 
blood pressure monitoring system, (Accutorr ), with 
its data transmitter and printer, for our operating 
rooms allowed us to direct our trainees and staff to 
use the device for all cases (where invasive 
monitoring was not required) while affording us the 
opportunity to accumulate data without the chance of 
biasing information input onto the anesthetic record. 


Data for one hundred and one cases was randomly 
coliected over a two-week period. For each 
anesthetic record and Accutorr recording, ten paired 
data time points were selectec and the systolic and 
diastolic blood pressures and heart rates were 
recorded. The paired time points were uniformly 
selected as follows: 


Point 1: 5 minutes prior to induction of anesthesia 
2: Induction of anesthesia 
3: 5 minutes post-induction 
4: 10 minutes post-induction 
5: 15 minutes post-induecion 
6,7,8: were taken during the period of anesthetic 
maintenance. This period was divided into 
thirds and points 6,7, and 8 correspond to 
the mid-time point of the first, second and 
third time periods, respectively. 
9: 5 minutes prior to end of case 
10: end of case 


Data was recorded as Accutorr reading minus 
anesthetic record value for each variable measured. 
Difzerences at each paired data point were compared 
and grouped according to the magnitude of the 
dif=erences such that: 


Group Accutorr reading - anesthetic record values 
-3 > -20 


-2 ~ =10 to -20 
-1 -5 to -10 

0 -5 to +5 
+1 +5 to +10 
+2 +10 to +20 
+3 > 20 


Differences seen in Group 0 were considered as 
acceptable errors in the recording and reading of 
data. The total number of occurrences in each group 


Period 


were ddtermined as a function of time point and 
occurrence per case. 


Risults: The results of the comparison of the 
data flr systolic and diastolic blood pressure and 
heart vate is summarized in Table I. The ranges of 
differ:rces between Accutorr and charted values were 
as follows: systolic blood pressure, -61 to +81; 
diastolic blood pressure, -48 to +62; and heart 
rate, [54 to +56. 


Table 1 ‘ 

Group | -3 -2 -l1 O +l +2 +3 

Systolle BP 4 6 6 55 12 9 7 
(n=93)) 

Diastolic BP 4 8 8 52 11 11 5 
(n=93 )) 

HR (n=)27) 2 8 9 52 g 13 6 





* Percintage of observation points 
n=numb2r of observations 


Framination of Group +3 and -3 for each 
variabte revealed an increased incidence of 
occurrences during periods around induction and near 
the enl of the case. (Table IT) 


Table II ` 





2-5 (av) 6-8 (av) 9-10 (av) 
60 (15) 17 (6) 20 (10) 
51 (13) 22 (7) ll (C 6) 
GO ALZ te 562) 18 ( 9) 


1 
Systolic BP 6 
Diastodic BP 4 
Heart rate 7 


* number of occurrences 


Groups +3 and -3 differences occurred in at 
least one of the parameters measured in 85 of the 
101 cases (84%), with an average occurrence of 2.3 
per case. The distribution of these occurrences is 
shown in Table III. 


Table III : 
Occurrences 7 6 5 4 3 2 1 0 
Cases | 1 1 3 12 18 20 30 16 


* Numtėr of Groups +3 and -3 occurrences per case 


Tiscussion: Significant discrepancies were 
discovered between the anesthetic record and the 
Accutcrr recordings. The magnitude of these 
differ=nces were unexpected, although the times of 
their pecurrence were not. Induction and emergence 
represent periods of time when the physician's 
concertration and efforts are and should be directed 
totally toward patient care. However, if accuracy 
in recording is a desirable goal, then alternative 
methocs of generating the anesthetic record must be 
consicGered. We believe this data supports the icea 
of a computer-generated record not only for 
accurecy, but also to free the anesthesiologist from 
time-consuming record keeping so he can concentrate 
completely on patient care. 
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introduction: The speed of onset of 
intravenous drugs depencs on the category of heart 
lesions: cyanotic (predominant right-to-left 
shunt) > normal > acyanctic (predominant 
left-to-right shunt). Eowever, Maunuksela et ‘al! 
found no difference in either dose requirements of 
pancuronium or the time of onset of neuromuscular 
blockade between children with cyanotic and 
acyanotic CHD. Because they assessed tne 
neuromuscular blockade subjectively, we designed a 
Study to assess the neuromuscular blockade in a 
quantitative fashion. We compared both the time to 
95% twiten depression and the intubating conditions 
in children with CHD whe were paralyzed with 
pancuronium. 

Methods: With approval from our Human 
Research Committee, 33 children with cyanotie or 
acyanotic CHD ages 2-8 years were studied. The 
children were all ASA IIi, fasting, and 
premedicated with pentobarbital 2 mg/kg, morphine 
0.2 mg/kg, and atropine 0.02 mg/kg. Children were 
excluded from this study if there was evidence of 
neuromuscular or renal disease, or if a difficult 
intubation was anticipated. Pre-induction 
monitoring included an EKG, precordial stethoscope, 
BP cuff, doppler, and pulse oximeter. Anesthesia 
was induced with intravenous ketamine 1-3 mg/kg and 
fentanyl 1-3 ug/kg. Anesthesia was maintained with 
supplemental doses of ketamine and fentanyl as 
necessary and nitrous oxide in oxygen by face mask. 
Ventilation was spontaneous. 

The ulnar nerve was stimulated at the wrist 
uSing Supramaximal squares waves of 0.2 msec 
duration at a frequency of 0.15 Hz. The stimuli 
were delivered by a Grass S4 nerve stimulator 
through an SIU5 isolation unit. The force of thumb 
adduction was measured using a Grass FTO3 force 
transducer and recorded on a Gould #2200S recorder. 
After a stable twitch response was obtained, each 
child was paralyzed with a rapid intravenous 
injection of pancuronium 0.15 mg/kg. When the 
twitch was depressed 95%, the trachea was 
intubated. The intubating conditions were assessed 
according to the criteria of Lund and Stovner.@ 

The results of this study were compared to the 
results from a similar group of children without 
CHD (control) who were anesthetized with 
intravenous tniopental 5 mg/kg, atropine 0.02 mg/kg 
and pancuronium 0.15 mg/kg followed by nitrous 
oxide (70%) and oxygen (30%).3 Statistical 
Significance (p < 0.05) was determined using 
analysis of variance, the Student-Newman-Keuls 
test, and the Fisher exact test. 

Results: There was no significant difference 
in age or weight among the three groups (Table). 
Hemoglobin was significantly greater in the 
cyanotic group compared to the other two groups. 


The time to 95% twitch depression was not 
Significantly different in the cyanotic and 
acyanotic groups, however the times for both CHD 
groups were Significantly longer than that in the 
control group (Table). The intubating conditions 
were excellent in all patients studied. 

Discussion: Current teaching States that the 
speed of onset of intravenous drugs is more rapid in 
patieats with cyanotic heart disease, and slower in 
patients with acyanotic reart disease than in normal 
patients. Our results de not support this teaching. 
Tne delayed onset of neuromuscular blockade in 
cyanotic cnildren may be attributed in part, to an 
increased volume of distribution, increased protein 
binding, and decreased muscle blood flow. The 
delayed onset of action in acyanotie children may be 
attributed in part, to the recirculation of 
pancuronium through the pulmonary circulation. We 
conclude that the time to 95% twiteh depression with 
pancuronium 0.15 mg/kg in children with CHD exceeds 
that which one would expect in normal children by 
50-75%. 
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Table 
Groups Cyanotic Acyanotic Control3 
No. of patients 14 19 11 


Time to 95% twitch 


depression (sec) 138.6 118.7 79.9% 
+ 49.3 Sled tr 2252 
Age (years) 4.2 4.7 4.1 
ż 2.1 + 1.5 + 2.0 
Weight (kg) 14.6 16.7 17.9 
+ 3.6 + 4.1 + 4.1 
Hemoglobin (gmg) 171* 125 124 
+ 21 + 10 + 5 





Data are Mean + S.D. 
* p < 0.01 compared to the other groups 
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Introduction: Ultrasonic nebulizers have been 
advocated for administration of topical lidocaine to 
achieve oropharyngeal, laryngeal, and tracheobron- 
chial anesthesia and for chronic cough suppressioni,2 
The total dose of lidocaine in most studies is exces- 
sive if absorption from the orcpharynx is as rapid 
as has been reported.3/4 Our clinical experience 
demonstrated that a volume of 15 ml of lidocaine was 
necessary to achieve effective anesthesia consis- 
tently. Using this volume, we encountered no clini- 
cal signs of local anesthetic toxicity. The purpose 
of this study was to determine blood lidocaine levels 
that resulted from the administration of 15 ml of 4% 
lidccaine by ultrasonic nebulization using two modes 
of administration. 

Materials and Methods: Twelve patients sched- 
uled to undergo bronchoscopy or awake nasotracheal 
intubation were selected for the study. The study 
was approved by the Medical Research Conmittee and 
infcrmed consent obtained. Patients age ranged be- 
tween 14 and 65 years and weight ranged between 40 
and 100 kgs. All patients were ASA status 1 or 2. 
Patients were divided into two groups of Six pa- 
tients each. Patients received 15 ml of 4% solu- 
tior. of lidocaine delivered by a standard ultra- 
sonic nebulizer either via an aerosol mask (Group 
1) cr via a mouthpiece without a noseclip (Group IT) 
Administration was complete in 10-15 minutes. Venous 
blocd samples were collected from an indewelling 
catheter. Blood samples were collected at 2, 4, 6 
and 15 minutes after completing the aerosol admin- 
istration. The serum drug levels were analyzed by 
iy edad a aaa method using the Abbott 

analyzer.” 

Results: th serum levels of lidocaine in the 
two groups are shown in figures 1 and 2. One pa- 
tient weighing 42 kg in Group I had semm levels 
of lidocaine at the upper limit of the therapeutic 
rance. One patient weighing 71 kg in Group II had 
a serum level of lidocaine in the toxic range (> 5.0 
44g/ml) at four minutes, but showed no clinical 
signs of toxicity. Peak lidocaine levels in all 
patients occurred at 2-6 minutes after completion 
of ultrasonic nebulization. All patients had sub- 
jective numbness of the oropharynx and underwent 
either a bronchoscopy or awake nasotracheal intuba- 
tion with light sedation, but without additional 
lidocaine. 

Discussion: Although anesthesia of the oro- 
pharynx, larynx and tracheobrcnchial tree can be 
achieved by direct spray and transtracheal block, 
the use of an ultrasonic nebulizer to administer 
the local anesthetic is more convenient and more 
comfortable for the patient. Also, transtracheal 
block is contraindicated in the presence of clot- 
ting abnormalities or an enlarged thyroid, and di- 
rect topical spray is impossible for a patient 
whose Jaw is wired or who cannot open his mouth for 
other reasons (pain, infection, etc.) When lido- 
caine is administered via an aerosol mask, an unde- 
termined amount of drug escapes into the atmosphere. 
When the drug is administered via a mouthpiece, a 
lesser amount of drug escapes and potentially more 
drug is absorbed. The one patient who attained a 


transsent blood level greater than 5,ug/ml was in 
the guoup that used a mouthpiece. 

trasonic nebulization of lidocaine is a com 
fortaHle, safe and effective way to achieve oro- 
eal, laryngeal, and tracheobronchial anes- 
thesia. It should be noted, however, that occas- 


a patient may attain blood levels of lido- 
hat a Bie, the toxic range. 
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Lidocaine via mask (group 1) 


SERUM LIDOCAINE ug/mt 
(TOXIC RANGE > 5.0ug/mi ) 


2 3 4 5 © 7 Ə Q 106 11 12 13 14 18 
TIME (MIN) 
FIGURE I - SEQUENTIAL CHANGES OF BLOOD LIDOCAINE WITH TIME 


Lidocaine via mouthpiece (group I!) 


SERUM LIDOCAINE ug/ml 
(TOXIC RANGE 5,0 ug/mD 





TIME (MIN) 
FIGURE 2 SEQUENTIAL CHANGES OF BLOOD LIDOCAINE WITH TIME 
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Introduction. The protlem of combined myocardial 


depression with verapamil (Y) and propranolol (P) is a 
difficult one to treat because of the severe combined 
effects on the slow calcium channel (1,2). Amrinone 
(A) acts distal to the beta receptor to increase 
intracellular cyclic AMP and results in an increase of 
Slow calcium channel function. This study was 
designed to investigate the possibility of whether V 
Mitigates the effects of A, whether A can reverse VP 
depression, and also to evaluate, whether the order of 
administering the drugs would have any effect. 


Methods. At 3-4 week intervals, each of 6 
conditioned mongrel dogs (23+1 kg) received A, V and 
P in 4 different orders of administration: VAP, AVP, 
VPA, and PVA. The dogs were anesthetized with 1.7- 
18 % end tidal isoflurane (F). Normocarbia and 


normothermia were maintained. The end tidal 
concentrations of F, O, and CO, were continuously 
measured by mass _ spectrometry. Arterial and 


pulmonary arterial catheters were placed for blood 
sampling, mean arterial, central venous and pulmonary 
capillary wedge pressure (MAP, CVP, PCWP) 
measurements, and for determination of cardiac 
output. A micromanometer-tipped catheter was placed 
for direct left ventricular (LV) pressure measurements 
and electronic derivation of LV dP/dt. Systemic and 
pulmonary vascular resistances, cardiac index, stroke 
volume index, and stroke work index (SVR, PVR, CI, 
SYI, SWI) were calculated. Periodic blood samples 
were analyzed for epinephrine, norepinephrine (EPI, 
NEPI), A, V and P by HPLC. After 60 min of 
stabilization on the anesthetic, baseline cardiovascular 
measurements and blood samples were taken. Group 
VAP received a bolus of V followed by a constant 30- 
min infusion (200 ug/kg + 7.5 ug/kg/min); then A 
bolus and infusion (4mg/kg + 100 ug/kg/min) were 
added to V infusion for 30 min, and finally P bolus 
and infusion (150 ug/kg + 0.8 ug/kg/min) were added, 
and all 3 drugs were infused together for 60 min. In 
groups AVP, VPA, and PVA the bolus doses and 
infusion rates of the drugs were the same as for 
group VAP. Measurements and blood samples were 
repeated at 30 min of each drug administration period 
and also at recovery, 30 and 60 min after cessation of 
drug infusions. Analysis of variance and analysis of 
variance for repeated measures with Bonferroni 
modified t-tests were used for Statistical analysis. 
P < 0.05 was considered statistically significant. 


Results. There were no differences in any variable at 
the time of baseline measurements among groups VAP, 
AVP, VPA and PVA. The end tidal F concentrations 
were stable over time in each group and equivalent 
among the groups. Baseline and successive 30 min 
values for HR, PR interval, MAP, LV dP/dt, CI, and 
SVR are given in the table. V alone (~100 ng/ml in 
VAP and VPA) caused an increase in PR interval and 
decrease in MAP, LY dP/dt and SWI; in addition, in 
VPA, V also increased CYP. The addition of P (~33 
ng/ml) to Y or V to P (VPA, PVA) caused a marked 
cardiac depression (60 min in table) with increased 
catecholamine levels after PV in PVA, and in 4/6 
animals after VP in VPA. Adding A, at plasma levels 
of ~I8 ug/ml, to V improved cardiac function and 
caused systemic and pulmonary vasodilation without 


any increase in catecholamines, but MAP remained low 
(VAP, 60 min). When V was added to A (in AVP), 
PR, SVI and CVP increased with decreased MAP when 
compared to A alone. The addition of A to VP and 
PV improved cardiac function more in PVA than in 
VPA (90 min) without increase in catecholamines in 
either group. There were no differences between 
groups at 90 min with all 3 drugs present except for 
LV dP/dt (VPA < AVP) and SVR (VPA > VAP). At 
recovery (180 min=R), 60 min after cessation of drug 
infusions, the only difference among groups was in LV 
dP/dt (VPA < AVP). 


Discussion. The results of this study showed that A 
was able to reverse many of the effects of V (VAP) 
and also many of the effects of VP or PV (VPA, 
PVA), combinations which may significantly diminish 
hepatic clearance of both drugs, and may cause severe 
cardiovascular consequences (1,2). However, MAP 
remained low. Consistent with a previous study (3), A 
did not cause any increase in plasma catecholamines 
while it improved cardiac performance. Thus we have 
shown that A is of therapeutic value not only for 
disease induced myocardial depression but also for the 
reversal of untoward effects of pharmacologic 
interventions with potent cardiodepressant drugs such 
as V and P, even in the presence of inhalation 
anesthetics. 
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Table. Cardiovascular values for verapamil-amrinone- 
propranolol (VAP), amrinone-verapamil-propranolol 
(AYP), verapamil-propranolol-amrinone (VPA), and 
propranolol-verapamil-amrinone (PVA) groups. 


SSP 


Time (min) O=C 30 60 90 180=R 
s 
HR VAP 12626 12245 V 131+6 VA 11548 VAP 11048 
(bpm) AVP 13144 15247 A 14147 AY, 12449 AYP 11147 
VPA 12849 12147 VY 96+10 VP 109+9 VPA 10548 
PYA 12249 119+9 P 109+8 PY 11649 PVA 113+4 
PR VAP 11746 153410 v’ 135410 VA, 151415 VAP 12325 
(msec) AVP 1184 4 10142 A, 13148 AV, 152413 AVP, 12847 
YPA 313+10 153+ 8 V 197+12 VP, 161416 VPA 13046 
PYA 125+10 122+ 6 P 162410 PY 137+13 PVA 121+4 
MAP VAP 90+6 7242 V° 5842 VA* 6043 YAP 86+4 
(mmHg) AVP 9342 7543 A 6544 AV*® 6643 AVP 86+2 
VPA 93+6 7744 V° 69+8 YP 65+4 VPA 85+3 
PVA 93+4 92+5 P 82+5 PY 73+3 PYA 544+5 


LY dP/dt VAP 24424128 18174193 V® 34334297 WA* 23504206 VAP 2483+138 
(mmlgs!) AVP 25294174 44674686 A 42174543 AV 26384209 AVP 25714193 
VPA 2447+ 86 19344195 V" 982+ 70 VP* 18014163 VPA® 19164 95 
PYA 24574221 20544116 P 1190475 PY®* 21454207 PVA® 2202+124 


CI VAP 5.640.6 4.740.4 V 6.940.7 VA®  49+0.4 VAP 4,240.5 

(hmio"!-m-2) AVP 5.340.6 6141.0 A 6.840.7 AY 4940.7 AVP 3,940.5 
VPA 5.340.6 4.4405 Y 1.940.3 VP* 3,340.4 VPA® 2940.4 
PVA 5.440.6 4,240.3 P 2.740.3 PV® 3,740.3 PVA 3.440.5 

SVR VAP 14424189 1352+162 V 751488% VA® 1045495 VAP 1966+347 


dynessem”f) AYP 1605+176 1166+138 A 330+ 74 AY 12274154 AVP 20354258 
VPA = 15954228 15564215 V 2960+278 VP® 17024175 VPA” 26724346 
PYA 1577+173 19494129 P 2575+143 PY 1728+ 90 PVA 2627+293 


~ Mean + SEM 


* p < 0.05 compared to previous value for that same group. 
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INTRODUCTION: Patients (pts.) undergoing 
coronary bypass surgery (CABG) frequently receive 
chronic calcium channel blocxer (CCB) therapy. 
These antianginal agents are potent arterial 
smooth muscle relaxants and hypotension can occur 
during anesthesia induction. The hypotension 
could result from CCB induced a adrenergic 
inhibition. We utilized a phenylephrine (Phe) 
challenge to test the hypothesis that 
preoperative CCB therapy decreases the vascular 
responsiveness to a agonists before and during 
CABG. METHODS: After approval by the IRB and 
informed consent, 16 nonhypertensive pts. with 
normal left ventricular function scheduled for 
elective CABG were studied. Pts. were grouped on 
the basis of no CCB (n=4), nifedipine (n=6), or 
diltiazem (n=6) therapy. All were premedicated 
with diazepam 0.1 mg/kg, morphine 0.1 mg/kg, and 
scopolamine 0.2-0.4 mg and received their usual 
B-blockers and CCB s one hour preoperatively. 
Radial arterial and pulmonary artery catheters 
were inserted. Blood was sampled for plasma 
norepinephrine (NE) and epinephrine (Epi). 
Following baseline hemodynatic measurements a 
pre-induction Phe infusion was administered at 
incrementally increasing doses (0.1, 0.5, 1.0, 
2.5, 5.0 wg/kg/min) for 5 min each until a 30% 
increase in mean arterial pressure (MAP) was 
obtained. At the end of each incremental dose, 
hemodynamic parameters were m2asured and systemic 
vascular resistance (SVR) was calculated. 
Anesthesia was then induced with fentanyl 30 
ug/kg plus 0.3 ya/kg/min and pancuronium 0.1 
mg/kg. During constant flow hypothermic 
cardiopulmonary bypass (CPB) and aortic cross 
clamping (AXC) a second Phe challenge was 
performed. Additional hemodynamic measurements 
were taken 5 min after induction, 10 min after 
sternotomy, at onset of CPB, after termination of 
CPB, and at chest closure. The log-linear 
regression for best fit of SVR versus Phe dose 
was determined and the Phe dose required to 
increase SVR 30% (ED30) was extrapolated. 
Comparison between preinduction and CPB ED30 and 
plasma catecholamines were analyzed for 
statistical significance with Student s t-tests. 
All intergroup comparisons were made by one-way 
ANOVA. RESULTS: Intergroup comparisons for 
slope (SVR/ log-dose Phe) and ED30 were not 
Statistically different among groups during 
either the preinduction (Fig. 1) or CPB challenge 
tests. The hemodynamic function measured 
throughout anesthesia, surgery, and CPB was also 
not significantly different atong groups.(Fig. 2) 
In all groups the decrease from baseline in SVR 
at the onset and termination of CPB was 
significant (p<0.05). Since between groups 
values were the 


same, |data from all pts. were pooled for 
comp& -lsons between pre-induction and CPB Phe 
ChalEwge tests. The ED30 was significantly lower 
durirz | CPB (p <0.05) however the slope was 
unche sed. Plasma NE and Epi were increased during 
CPB: jfre-induction NE 233 + 147 ng/ml; Epi 223 + 
=-ml vs CPB NE 628 + 462; Epi 568 + 348. 







: Preoperative CCB therapy did not 


CCB “werapy prior to surgery based on concerns for 
vascL_:ir hyporesponsiveness. The leftward shift in 
the -dose response curve during CPB without a 
chang |in slope suggests the presence of additional 
a agemists at the receptor site or an increase in 
the =ensitivity to Phe. This could be due to an 
i plasma catecholamines as were 


agonē|s and are even hyperresponsive during 
Should hypotension occur in CCB 
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EPIDURAL HYDROMORPHONE VERSUS EPIDURAL MORPHINE 


FOR POSTCESAREAN SECTION ANALGESIA 


Authors: 


EB Matthew,MD, SK Henderson,MD, MJ Avram,PhD, R Glassenberg, MD, H Cohen, MD 


Affiliation: Dept. of Anesthesia, Northwestern University Medical School, Chicago, Ill. 


Introduction: Epidural narcotics are 
well established as effective treatment 
for postcesarean section pain.(1) Mor- 
phine is the most commonly used narcotic 
and has been extensively studied. Hydro- 
morphone may be a superior agent as it has 
a long duration of action and may have a 
lower incidence of side effects. 

We performed a randomized, double- 
blind study to compare the efficacy of 
epidural morphine(5mg) versus epidural hy- 
dromorphone(1img) for postcesarean section 
analgesia. Duration of action, subjective 
quality of analgesia, total narcotic dose 
in the first 24 hours, and incidence of 
side effects were evaluated. 


Methods: Forty ASA I or II patients 
scheduled for elective cesarean section 
under lumbar epidural anesthesia were 
studied. Institutional approval was grant- 
ed and written informed consent was obtain- 
ed from each patient. 

Preoperatively, each patient was fam- 
iliarized with a 10cm visual analogue pain 
scale. lLumbar epidural anesthesia for ce- 
sarean section was produced using 0.5% bu- 
pivicaine, supplemented if necessary with 
5ee 3% 2-chloroprocaine, to achieve a T3- 
T4 sensory level. No supplemental paren- 
teral narcotics were given during surgery. 
The epidural narcotic was injected during 
fascial closure in a randomized, double- 
blind fashion. The morphine group, 20 pa- 
tients, received morphine 5mg in 10ce (Dur- 
amorph). The hydromorphone group, 20 pa- 
tients, received preservative free hydro- 
morphone 11mg in 10cc saline. 

Each patient was informed that addi- 
tional intramuscular pain medication could 
be obtained on demand from their nurse (hy- 
dromorphone 1-2mg) every three hours. Vi- 
tal signs and level of consciousness were 
assessed every 30 minutes for the first 8 
hours, then hourly for the next 4 hours. 
The intensity of pain was assessed hourly 
for 12 hours by the patient using a 10cm 
visual analogue pain scale. The time until 
administration of the first additional pain 
medication, total narcotic dose in the 
first 24 hours, and time of first ambula- 
tion were recorded for each patient. The 
incidence and treatment of side effects, 
including pruritus, nausea and vomiting, 
excessive sedation, and respiratory depres- 
sion were also recorded. 

Statistical analysis was by non-pair- 
ed Student's t-test, Fisher's exact test, 
and Mann-Whitney U-test as indicated by 
the data. Hourly pain intensity data were 
analyzed with a 2 factor ANOVA with repeat- 
ed measures on one variable; post hoc test- 
ing was done with paired t-tests with Bon- 
ferroni's correction for multiple applica- 
tions, Criterion for rejection of the 


null hypothesis was p<0.05. 


Results: The results are summarized 
in Table 1. There was no difference be- 
tween groups in age, height, weight, or 
time to first ambulation. There was no 
clinically significant respiratory depres- 
Sion or depression of consciousness in 
either group. The morphine group had a 
longer duration of analgesia and required 
less supplemental IM narcotics than the hy- 
dromorphone group. The incidence of pruri- 
tus was similar for both groups. Nausea 
and vomiting occurred more frequently in 
the morphine group, but did not reach stat- 
istical significance, Analysis of pain in- 
tensity data revealed no difference between 
groups at any time. 


Discussion: This study demonstrates 
that epidural morphine provides longer 
lasting postcesarean section analgesia than 
epidural hydromorphone. The quality of 
pain relief provided by epidural hydromor- 
phone was similar to that provided by epi- 
dural morphine. Although nausea and vomit- 
ing occurred more frequently with morphine, 
there was no difference in side effects 
demonstrated in this study of 40 patients. 
Epidural hydromorphone is effective for 
postcesarean section analgesia, but epi- 
dural morphine has a longer duration. 


References: 1. Cousins MJ, Mather LE: 
Intrathecal and epidural administration of 
opiods, Anesthesiology 1984;61:276-310. 


TABLE 14 
Morphine Hydromorphone 
Time to first sup- 
. 1261707 721.53 
lemental analgesia 
j (min) eee""(sD 809.4) (SD 356.1) 
Total supplemental 2,4 * 5.0 
IM hydromorphone in $ â 
24 hours (mg) (SD 2.4) (SD 2.4) 
Time to first 708.3 661.0 
ambulation (min) (SD 251.0) (SD 152.4) 
Nausea 8/20 6/20 
Nausea and vomiting 7/20 2/20 
Nausea and vomiting 6/20 1/20 
requiring treatment 
Pruritus 17/20 17/20 
Pruritus requiring 8/20 6/20 
treatment 





* morphine group different than 
hydromorphone group, p< 0.05. 
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INTRODUCTION: Anaerobic metabolism occurs in 
the heart after direct electric countershock (CS). 
Visible myocardial lesions under the area of paddle 
placement also occur. We studied the variation of 
lactate extraction and myocardial damage after CS 
with different energy levels. 

METHODS : Twelve nongrel dogs were 
anesthetized with halothane in 0% by mask. The 
trachea was intubated and ventilation was 
controlled to achieve normocarbia. End tidal 
halothane 1.25% to 1.5% was used. After 
cannulation of both femoral arteries a right 
thoracotomy was performed in the fourth intercostal 
space and the coronary sinus was cannulated via the 
right atrium. Heparin 1000 units and lidocaine 1.5 
mg/kg were given IV. Direct CS of 5, 10, or 20 
joules were delivered twice at a one minute 
interval to the heart using 5 cm paddles over the 
right and left ventricular free walls. Blood 
samples for the measurement of lactate extraction 
were obtained from the coronary sinus and the 
fenoral artery prior to countershock at 30 sec. 
after each CS, and then 1.5 min., 3.5 min., 5.5 


min., 10.5 min., and 30.5 min., after the second 
CS. The dog was maintained under anesthesia for 
four hours when 10-13 mCi of 


technetium? ?™pyrophosphate ‘Ic-PYP) was injected 
for uptake into damaged areas. One hour later the 
heart was removed and the ventricles dissected into 
samples containing visible lesions, border zones of 
lesions, and normal tissue. The radioactivity of 
each sample was then measured in a scintillation 
counter. Each sample's uptake of Tc-PYP was 
expressed as a sample to normal ratio (SNR) by 
dividing by the average activity of the septum in 
each heart. Plasma lactate levels were determined 
in duplicate using the YSI 23L lactate analyzer. 
Maximum reduction in lactate extraction was found 
by taking the difference in absolute extraciton 
values between baseline and each blood sample. 
Damage index (DI) was defined as mass weighted 
average specific activity for samples with SNR>3 x 
total weight of samples with SNR>3. Differences 
between groups were assessed using one way ANOVA 
followed by the one-tailed Student's t-test with 
Bonferroni correction. Statistical significance 
was considered at p<0.05. 

RESULTS: As shown in Fig. 1 lactate extraction 
progressively decreased with increasing energy 
dose. Myocardial damage index (DI) also increased 
with increase in energy level. The nadir in 
lactate extraction occurred at 2.5 min., a finding 
consistent with earlier results. Supraventricular 
as well as ventricular tachycardias were observed 
immediately after countershock in several dogs at 


the ‘highest energy level, but all dogs wore 
hemod=-namically stable during the four hour peri»d 
following CS. 


LSCUSSTION: These results show that net 
ayoca pie lactate extraction as an indicator of 
myocaxdial metabolic state decreased with 
increasing energy levels. Prior work has shown 






et lactate extraction to net lactate 
produ tion. 1 Normally the heart is a net lactate 
extrastor (indicating aerobic metabolism), Dut 
times of anaerobic metabclism the heart 
s a net lactate producer. This is important 
i-ally because during reperfusion on CPB the 
heart has been shown to be a net lactate produce: 
and jurther insult may sufficiently alter the 
aerob |c/anaerobic balance to result in additional 


compr mise. The cause of post-CS myocar:li! 
necrojic lesions remains oi tc ve found. 
-{EFERENCES : 
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AFFILIATION: Department of Anesthesiology, Duke University Medical Senter, Durham, North Carolina 27710 


INTRODUCTION: Atrial natriuretic peptide 
(ANP) is a potent short-acting cardiac hormone, 
that reduces blood pressure by a direct effect on 
vascular smooth muscle’. Vasodilator therapy is 
important in the treatment of low cardiac output 
and vasoconstriction following cardiopulmonary 
bypass (CPB)?. We therefore examined the rela- 
tionship between ANP and cardiac function during 
this period. 

METHODS: After institutional approval and 
informed consent, 7 patients undergoing cardiac 
Surgery for coronary revascularization (CABG) were 
studied. The mean ejection fraction was 0.51 + 
0.05 (range 0.32 - 0.68). Anesthesia was 
accomplished with narcotics, fentanyl or sufen- 
tanyl, supplemented by either halothane or 
enflurane and muscle relaxation with pancuronium. 
The mean duration of CPB was 156 min (74-330 min) 
and aortic cross-clamp time was 72 min (36-150 
min). Cold potassium cardioplegia was used for 
myocardial protection. Arterial blood samples 
were withdrawn and hemodynamic variables measured 
at baseline (prior to induction), at the end of 
CPB, 5 mins following °PB, at closure of ster- 
notomy and 2 hrs following CPB. Plasma ANP was 
measured by radioimmunoassay. Post-CPB treatment 
was not altered in any way; all patients received 
volume loading and 3 patients were administered 
sodium nitroprusside infusions (0.5 - 2.0 mcg. 
min-'.kg-'). Data were compared by t-tests and 
analysis of variance, p<0.05 for significance. 

RESULTS: Preoperative ANP was 37 + 8 pg.ml-? 
(mean + SEM). Normal ANP, measured in healthy 
volunteers in our laboratory, is 12 + 5 pg.ml-’. 
ANP decreased following CABG and CPB (fig 1). 
Hemodynamic changes post-CPB are shown in table 1. 
There was an increase in heart rate and systemic 
vascular resistance and a decrease in cardiac 
index. 

DISCUSSION: ANP is elevated in patients with 
heart failure and this correlates with the 
severity of failure*. The high preoperative level 
of ANP in our patients may therefore reflect the 
moderate reduction in ejection fraction. The 
decreasing level of ANP that we observed in the 
post-CPB period was accompanied by cardiac dys- 
function. This was manifest by a decrease in car- 
diac index in spite 3f volume-loading and an 
increase in heart-rate. This finding is in 
agreement with other reports and is probably due 
to post-CPB recovery of myocardial metabolic 
function*. The decreasing level of ANP post-CPB 
is likely related to hypothermia and atrial ische- 
mia during CPB. Postoperative vasoconstriction 
may be due in part to the declining vasodilator 
effect of ANP. In conclusion, ANP is ten-fold 
higher than normal at the end of CPB and sub- 
sequently decreases toward normal postoperatively. 
This has important implications for the recovery 
of myocardial function following anesthesia and 
surgery. 


ANP (pg-ml7') 


Figure 1 
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na (MEAN + SEM] 
* p<00! 
120 (vs ches! closure) 
00 
80 
60 
40 
20 
0 z nT: nets 
"NO-CP8 POST-CPB CHESTCLOSURE 2HR POST-CPB 
Table 1 
CHEST 2 HR 
POST-CPB CLOSURE POS T-CPB 

HR a9 + 3 95 + 6* 99 + 6* 

MAF 68 + 5 72 +5 7945 

RAF 9+ 2 +5 12+5 

PAF 1342 15 +2 15 +3 

CI 3.7+0.9 3.0+1.0* 2.9 + 1.0% 

SVF 18 +6 23 + 10% 24 + Be 

Mean + so i p 
*p<0.05 vs. post-CPB 

HR=heart rate (min-?) 
MAPsrm=an systemic pressure (mmHg) 
RAP=rcight atrial pressure (mmHg) 
PAP=pulmonary artery diastolic pressure (mmHg) 
Ci=cerdiac index (1.min-'.m-?) 
SYR=systemic vascular resistance (mmHg.1-'.min-'.m-*) 
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Introduction: 

Nalbuphine is said to have opiate agonist/antagonist 
actions as it reverses the respiratory depressant 
effects of opiates while it adds to and extends the 
analgesic action in man (1,2). Since the analgesic 
potency in these cases was determined in the post- 
operative period so that an interaction with other 
drugs cannot be excluded, we determined nalbuphine's 
various actions in the absence of other agents in 
awake dogs. 


Methods: 

Increasing amounts of nalbuphine (20,40,80, and 

160 mg) were injected at 5 min intervals to a 
total of 300 mg and its effects studied on pain 
responses (heart and blood pressure changes and so- 
matic responses to tail clamping), respiration 
(respiratory rate, PaOo, PaCQ2, pH), circulation 
(heart rate, arterial blood pressure) and oxygen 
consumption (V02 ). After the last nalbuphine injec- 
tion, the effect of fentanyl (80 pg/kg) was studied. 


Results: 

The results are shown in the figure. Except for a 
slight decrease in the respiratory (A) and an in- 
crease in heart rate (C), the recorded variables 
remained essentially constant during the injection 
period. In particular, nalbuphine did not alter the 
cardiovascular and behaviourat response to noxious 
stimulation (D) induced by tail clamping. However, 
nalbuphine completely abolished the analgesic and 
cardiorespiratory actions of fentanyl] (80 ug/kqg). 
There were no recognizable changes in the animal's 
state of awareness throughout the course of experi- 
ment. 


Discussion: 

Nalbuphine did not affect the animals' somatic and 
behavioural response to noxious stimuli, nor did it 
produce cardiorespiratory opiete-like effects, even 
though it prevented fentanyl's analgesic and cardio- 
respiratory actions. Since the dose of fentanyl] used 
has been shown to elicit maximal analgesia and respi- 
ratory depressant action in the same animals ina 
previous study (3), we concluded that nalbuphine 

has no agonist but a marked antagonist action at 

the opiate receptor in awake dogs. 
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INTRODUCTION: Postoperative morbidity and duration 
of recovery room (RR) stay are important factors to 
consider in evaluating ambulatory surgery practice. 
Patient satisfaction, day surgery upit (DSU) util- 
ization and per patient institutional costs are all 
compromised by extended RR stays. The purposes of 
this study were: 1) to test our clinical impression 
that a large proportion of patients who undergo 
diagnostic laparoscopy experience nausea (N) and 
vomiting (V) in the RR; 2) to determine whether 
these symptoms extend ER stay; and 3)to determine 
the impact of two common anesthetic agents ~- 
fentanyl citrate (F) and isoflurane (I) -- on the 
incidence of N and V. 

METHODS: We reviewed tne charts of all 314 female 
patients who underwent diagnostic laparoscopy in our 
DSU between 7/1/84 and 6/30/85. Patient age, ASA 
physical status, surgeon, operative time, occurrence 
of N and V and duration of RR stay were recorded. 
(F) patients were anesthetized with © /N,0/F 
(0.2-0.3mcg/kg) and received a relaxant; succinyl- 
choline for intubation and vecuronium or atracurium 


for maintenance. (I) patients were anesthetized 
with 0,/N,0/I and received succinylcholine to 
facilitate intubation. All patients received 


thiopental for induction. Chi-square tests and 
analysis of variance were used to determine the 
Significance of differences among groups. 

RESULTS: Nausea and Vomiting - Overall, there were 
no significant differences among the three RR groups 
(asymptomatic, nausea only, nausea and vomiting) 
with regard to age, physical status level or 
surgeon. Eleven percent of all patients experienced 
N only and an additional 18% of all patients ex- 
perienced both N and V. There were significant 
differences among the groups in operative (p<.02) 
and RR times (p<.001, Table 1); RR stay was extended 
by 19 minutes for N patients and by 47 minutes for N 
and V patients when compared to asymptomatic pa- 
tients. These differences resulted in increased RR 
labor costs, which are based on nurse and aide 
salaries and benefits. 


Anesthetic Agents - There were no significant 
differences between the (F) and (1) subgroups with 
regard to age, physical status, surgeon or operative 
time. Asymptomatic patients in both subgroups 
stayed in the RR for 106 minutes, N patients for 118 
minutes and N and V patients for 158 minutes 
(p<.001, Table 2). However, a significantly (p<.03) 
greater proportion of (F) patients (43%) experienced 
N or N and V than did (1) patients (25%, Table 3). 

CONCLUSIONS: The incidence of RR N and V is high 
for patients undergoing diagnostic laparoscopy. N 
and V prolong RR stay and increase per patient 
labor costs. There is a higher incidence of N and 
V among patients receiving (F) than among patients 


receiving (I). This type of retrospective analy- 
sis provides a basis for evaluating institutional 
practice. Moreover, the results allow the se- 
lection of outcome variables and sample sizes 
necessary for prospective studies examining the 
impact of different anesthetic agents and surgical 
procedures on postoperative morbidity, duration of 
RR stay and cost. 


Table 1: Mean Operative and RR Times (minutes) 
and RR Labor Cost by RR Group. 





Operative RR Labor 
Time* RR Time** Cost** 
Asymptomatic 47 107 $12.84 
(714%) 
Nausea Only 46 126 $15.12 
(11%) 
Nausea, Vomited 53 154 $18.48 
(182) 


+ 


*p<.02 *žp<.001 


Table 2: Mean RR Time (minutes) and Labor Cost by RR Group. 











RR LABOR 
FENTANYL* ISOFLURANE*  COMBINED* COSTA 

Asymptomatic 97 min 108 min 106 min $12.72 
Nausea only 114 min 120 min 118 min $14.16 
Nausea, vomited 163 min 154 min 158 min $18.96 
LS SE e E I SPS 
*p<.001 
Table 3: Percent of Patients by RR Group. 

FENTANYL ISOFLURANE 

N=54 N=163 
Asymptomatic 57% 13% 
Nausea only 13% 102% 
Nausea, vomited 30% 154 
Total 
Nausea and Vomiting 43% 25% 


p<.03 
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Introduction. Enkephalirs are hydrolysed by 
various enzyme systems. Two of them seem to have 
a physiological function an enkephalindipep- 
tidylcarboxypeptidase ("enkephalinase", EC 3.4. 
24.11) and an aminopeptidase activity (aminepep- 
tidase M, EC 3.4.11.2). Thiorphan and bestatin 
inhibit these two enzyme activities, they 
protect endogencus enkephslins from extensive 
degradation and elicit naloxone-reversible 
antinociceptive effect in redents (1,2,3). This 
study was designed to obtain information en the 
analgesic effectiveness of intrathecal Thiorphan 
and bestatin ir wan. 


Methods. With institutional approval and 
informed consent, tive patients with termina] 
cancer (maintained pain-free with 1.5 mg/24h of 
intrathecal morphine prior to the present study) 
received randomly and in a double-blind manner 
several intrathecal injections of either pepti- 
dase inhibitors or saline. When patients com- 
plained of severe pain, injections were per- 
formed under a volume of 3 ml via a subarachnoid 
catheter and a subcutaneous reservoir (Spinal- 
gesic drug delivery system®, AHS-France). They 
consisted of 0,0125 mg Thiorpkan (T, n=12), 1.55 
mg bestatin (B, n=14), 0.0125 mg Thiorphan plus 
1.55 mg bestatin (T + B, n=18) or saline (S, 
n=5). For ethical reasons, S was administered 
only once per patient as a control. Pain scores 
were assessed on a visual analogue scale (no 
pain = 0, worst pain = 10). The time until onset 
of analgesia (TOA), the percent decrease in pain 
score (ZDPS) and the duration of the analgesic 
effect (DA) were evaluate. For technical 
reasons in only one case could radioimmunoassay 
of CSF met-enkephalin concentration be performed 
prior to (met-enk-0) and 2 hours after (met- 
enk-2h) intrathecal injection of T +B. 


Results. Analgesia was obtained foilowing 7 
(out of 12) injections of T, il (out of 14) 
injections of B, 15 (cut of 18) injections of T 
+ B but only after one (out of 5) injections of 
S. Analgesia generally occurred within 20 min. 
after injections. Following intrathecal T + B, 
4DPS was significantly higher and DA was signi- 
ficantly longer than after T, B or S alone (see 
Table 1). CSF met-enk-0 was 0.233 pmol/ml and 
met-enk-2h was 0.440 pmol/ml. No side effects 
were observed. 






Discussion. These results are in accordance 
with mecent data demonstrating that administra- 
tion cf T + B into the CSF of mice produces a 
more etfective analgesia than that produced by T 
or B jnjected alone (3). Moreover they tend to 
contirf that T + B protect endogenous opioids in 
hunans| like in rodents (3). Finally these data 
sugges that inhibition of endogenous opioid 
inactirating peptidases might constitute a novel 
therap}utic approach in the treatement of intrac-— 
table tancer pain. 


Riferences. 
l. Reyes BP, Fournié-Zaluski MC, Soroca E, 
Lecomt4 JM, Malfroy B, Licrens C, Schwartz JC, 
The emkephalinase inhibitor thiorphan shows 
antinomiceptive activity in mice. Nature 1980; 
288: 284-288, 
2. Chagllet P, Marcais-Collado HK, Costentin J, Yi 
CC, De La Baume S, Schwartz JC. Inhibition oZ 
enkephalin metabolism by, and antinociceptive 
activiny of, bestatin, and aminopeptidase inhibi- 
tor. Ewr J Pharmacol 1983; 86:329-336. 
5. De Wa Baume S, Yi CC, Schwartz JC, Chaillet P, 
Marcais—Collado H, Costentin J. Parcicipation of 
both "enkephalinase" and aminopeptidase activi- 
ties im the metabolism of endogenous enkephalins. 
Neuroscience 1983; &:143-151, 


Saline | Thiorphan | bestatin | Thiorphan 
(0.0125mg) | (1.55mg) + 


Bestatin 


No 


ata i 5 
injecttions 
DPS (+9) 8 80+8 
kk B 
DA (hts 3 18. 1+4.7 
kA% 7% 


Table 1 
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Introduction. Outpatient surgery is becoming 
increasingly popular for both social and economic 
reasons. The anesthesiologist is required to 
provide a smooth induction combined with good 
operating conditions and a rapid recovery with 
minimal sequelae. Thiopental has a prolonged 
action and despite the high incidence of excitatory 
effects methohexital is frequently preferred for 
outpatient work. 

Propofol, a new non-barbiturate intravenous 
anesthetic agent has a short elimination half-life 
of about 1 hr which should ensure a rapid 
post-operative recovery (1). 

We here compare the recovery characteristics of 
equivalent doses of propofol(P), methohexital(M) 
and thiopental(T) for induction of outpatient 
anesthesia. 

Method. Healthy unpremedicated patients aged 
16-55 yr, weighing 45-80 kg scheduled for minor 
gynecologic outpatient operations were randomly 
allocated to one of three groups of 25. Anesthesia 
was induced with either P 2.5 mg/kg, M 1.5 mg/kg or 
T 5 mg/kg and maintained with 66% nitrous oxide in 
oxygen with isoflurane (IF) via a face mask. The 
inspired concentration of IF was rapidly increased 
to 3% reducing to 1% once anesthesia was 
established. The quality of induction was assessed 
subjectively. Ethical approval was obtained. 

A second observer, unaware of the induction 
agent used, assessed reccvery using clinical 
(subjective) and psychomctor (objective) criteria. 
Initial clinical observations included time to eye 
opening, orientation in time and place and giving 
correct date of birth (DOB). Subsequently an 
assessment of alertness using a 4 point scale, and 
ataxia (steadiness) at 20, 40 and 60 min 
postoperatively was carried out. 

Psychomotor testing (2) consisted of four 
choice reaction times (CRT) performed at 20, 40 and 
60 min postoperatively and compared with 
preoperative values. Identical testing was 
undertaken by a control group (C) of 25 
non-anesthetized patients. The patients scanned 
four lamps which lit in random order and 
immediately pressed the appropriate button to 
extinguish the light. The responses were 
subsequently decoded and analysed by computer. The 
latency of this response is an accurate measure of 
psychomotor performance (3). 

Postoperative sequelae such as headache, nausea 
and vomiting were also noted. 

All findings are expressed as mean + sem. 

Results. The groups were broadly comparable 
with respect to age, weight and duration of 
anesthesia. Induction was smoothest with P with 
only 1 induction being assessed as poor compared to 
7 with M and 2 with T. Cardiovascular depression 
waS more marked with P, the mean fall in systolic 
pressure averaging 13% compared with 2% for M and 
6% for T. Apnea of more than 60 sec occurred in 2 
P, 3 T and no M inductions. 

Table 1 shows that with all subjective tests 
recovery was significantly slower with M and T than 
with P (p < 0.01). 


Table 1. Clinical Recovery Times 





J 
= 
-3 


Minutes to 


Eye opening 6.8 + 0.5 10.7 + 0.7 9.7 + 0.7 
Correct DOB 7.2 + 0.5 11.j1 + 0.7 10.) + 0.7 
Orientation 7.2 + 0.5 11.2 + 0.7 10.4 + 0.6 





Ataxia was common in all groups 20 min 
postoperatively but after 40 min only 2 patients 
who had received P were still affected compared 
with 9 M and 17 T. Similarly alertness scores were 
reduced in the M and T groups compared to the P 
group at 20 and 40 min postoperatively. With both 
these tests recovery after P was significantly 
better than after M or T. 


Table 2. Changes (m sec) from baseline CRT values. 





Min C P M T 

20 -47 + 9 +29 + 16 +71 + 23 +178 + 43%% 
40 -85 + 8 -40 + 16 -33 + 18 #15 + 33 
60 -104 + 9 -69 + 16 -67 + 14 -43 + 27 

+ indicates deterioration - indicates improvement 


** p< 0.01 compared to P 


At 20 min the changes in CRT (Table 2) were 
less with P than with the other two induction 
agents, but T only produced a significantly 
prolonged CRT as compared with the new drug. 
Although recovery with M was shorter than with T 
(p< 0.01) the difference was not as marked as 
between P and T. At 40 and 60 min there were no 
statistical differences between the groups. At all 
times of observation CRT performance was better in 
control than in anesthetized patients (p< 0.05). 


Minor postop. sequelae were more common after T 
(5 nausea, 9 headache) than after M (3 nausea, 6 
headache) or P (3 nausea, 3 headache). 


Conclusion. Despite some cardiorespiratory 
depression propofol induction was smoother and both 
the speed and quality of recovery were superior to 
that of methohexital and thiopental. Propofol 
appears to offer significant advantages for 
outpatient anesthesia. 
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Introduction. Patients with burns require increased 
doses of non-depolarizing muscle relaxants (NDMR) to 
achieve a given effect (1). We studied the pharmacol- 
ogy of vecuronium, an intermediate-duration NDMR to 
determine: (a) if patients with burns exhibit similar 
resistance, 

(b) if degree of resistance is related to 
burn size, 

(c) dose-response curves for minor, moder- 
ate, and major burns. 


Methods. Institutional approval was obtained 
through the Human Studies Committee and permission 
was obtained from patient and/or guardian. Twenty 
patients, ranging in age from 3 to 17 years, were 
studied a total of 30 times. No patient had any se- 
rious medical problem or neuromuscular disease prior 
to their burn, and none had any major organ failure 
at the time of study. Pre-operative medication was 
limited to diazepam (0.05-0.20 mg/kg po) and/or mor- 
phine (0.10-0.15 mg/kg im or iv) with the exception 
of very young patients, some of whom received metho- 
hexital (25-30 mg/kg pr). 

Anesthesia was induced with thiopental (4-6 mg/kg 
iv) and N20/02 (60:40) by mask. In some infants, hal- 
othane was given by mask until an intravenous cannula 
was established; in these patients, studies were not 
commenced for a minimum of 10 minutes after discon- 
tinuation of the halothane. Narcotics (morphine or 
fentanyl iv) were administered as anesthetic supple- 
ments. Neuromuscular blockade was judged by thumb ad- 
duction force as measured by a GRASS force transdu- 
cer using evoked single twitch responses (0.15 HZ) 
of the ulnar nerve/adductor pollicus system. Follow- 
ing establishment of stable anesthesia, hemodynamics 
and twitch tension, vecuronium was administered. Be- 
cause of vecuronium's relatively short duration of 
action, it was given by the bolus dose technique 
described by Fisher et al (2). Patients were grouped 
as follows: Group 1 (controls; were those not suffer- 
ing from an acute burn. Groups 2-4 were those with 
acute burns who were studied at least 7 days after 
burn. Group 2 (minor) - less than 40% total body sur- 
face area (TBSA), Group 3 (mcderate) - 40-60% TBSA, 
Group 4 (major) - greater than 60% TBSA. Results 
were examined by analysis of co-variance. 


Results. In controls our ED values were similar to 
the ED values of others despite different anesthetic 
technique or mode of administration (3,4). For exam- 
ple, the EDs5g in normal children, by single bolus 
technique, was 19 ug/kg compared to 18 ug/kg in our 
controls (4). The ED values cf the acutely burned 
patients were significantly different (p < 0.001) 
from controls (Table 1). The slopes of the dose-re- 
sponse curves on the different groups of acutely 
burned patients were not found to be significantly 
different (p= 0.43). 


TABLE 1 ED Values of Vecuronium (ug/k3) 


cee 
Controls 18 35 
<40% bum 34 68* 
40-60% Burn 55 111* 
760% burn 65 129* 





*p < ).001 compared to controls 


Discusion. This study documents that acutely bummed 
patieats are hyposensitive to the neuromuscular 
effecis of vecuronium. This is consistent with the 
obseryation with other neuromuscular relaxants (1). 
The hyposensitivity is related to the magnitude of 
burn jrjury (Table 1). That is, patients with bigger 
burns |require a larger dose of vecuronium to achieve 
the sjme effect. The ED95 of acutely burned patients 
with } 60% burn is 129 g/kg which is approximacely 
3.5 tumes higher than EDg5 in controls. In order to 
achieté rapid onset paralysis as a replacement zor 
succiaylcholine which is contraindicated in burns 
very much higher doses may have to be administered 
(4). 


Conclasions. Since thermally injured patients show 
relative hyposensitivity to vecuronium, and degree of 
resistance is directly correlated to extent of burn, 
vecurcnium doses have to be adjusted upwards accord- 
ingly jto achieve effective neuromuscular paralysis. 
The cardiovascular and neuromuscular effects of vecu- 
roniur as an alternative to s ~cinylcholine deserves 
further study. 
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Introduction. Sequential nasal dilation! and 
warming the endotracheal tube“ have been reported to 
decrease the bleeding associated with nasal intuba- 
tion. Theoretically topical vasoconstrictors may 
also decrease the bleeding. We tested the hypothesis 
that a warm endotracheal tube (WT), plus using vaso- 
constrictors (VC) would further decrease the bleeding 
associated with nasal intubation (NT). 


Methods. We studied 60 consecutive patients, 
ASA I or II, scheduled for elective maxillofacial 
surgery who required nasal intubation. We excluded 
patients with known bleeding disorders or obvious 
abnormal nasal anatomy. Each of the intubation 
methods used in this study is commonly used at our 
institution. All staff agreed to randomized and 
double-blind 60 consecutive cases among the six 
groups below: (1) Control: no vasoconstrictor and 
room temperature tube (RT); (2) 0.05% oxymetazoline 
hydrodioxide (AFRIN) and RT; (3) 4% cocaine and RT; 
(4) no vasoconstrictor and warmed tube (WT); (5) 
AFRIN and WI; (6) 4% cocaine and WI. The anesthetist 
was given an unlabeled solution in an atomizer that 
contained either AFRIN, cocaine or sterile water with 
1% methylene blue just prior to the procedure. 
Topicalization of the nasal airway was accomplished 
by atomizer. Time between topicalization and intu- 
bation averaged 15 minutes (range 10 to 30). Warmed 
tubes (WI) were placed in a blanket warmer for 5 
minutes at a temperature of 165 degrees F prior to 
use. Patients were induced with 5-7 mg/kg of intra- 
venous sodium thiopental. The nasal tube (RT or WT) 
was lubricated with 2% xylocaine jelly and placed 
through the nose, into the hypopharynx. Succinylcho 
line 1.5 mg/kg was then given intravenously to 
facilitate laryngoscopy and the tube was placed in 
the trachea under direct vision. After intubation 
and suctioning the pharynx, blood loss was graded by 
the following scale: (1) None - no blood seen 
(2) Slight - blood in suction tip or first 6 inches 
of tubing (3) Moderate - blood in more than 6 inches 
of suction tubing (4) Severe - blood reaching suction 
cannister or inhibiting intubation attempt. The 
independent grades from the oral surgeon and the 
anesthesia staff were averaged. Statistical analysis 
was by unpaired Students t-test. 


Results. The overall incidence of any bleeding 
(score >1) was 78% in RT (groups 1 to 3) compared 
to 35% for WT (groups 4 to 6) (p < .05). Compared 
to control (group 1) cocaine-RT, AFRIN-WT, and 
cocaine-WT reduced bleeding (p< .05,<.01, and 

< .01 respectively). See Table 1l. 
Figure 1 shows the effect of the topical vaso- 
constrictors APRIN and cocaine on the 


blood loss when using a RT or WI. Addition of 
warmed tubes to regimen only decreased blood loss 
significantly when AFRIN was also used (p < .05). 
The decrease with cocaine did not reach statistical 
significance. 


Discussion. This study confirms that simply 
warming endotracheal tubes reduces bleeding asso- 
ciated with nasal intubation. The decreased 
incidence and severity of bleeding may be due to 
the ability of softened tube to conform to nasal 
structures which aided passage through the nose. 
The use of the vasoconstrictors AFRIN or cocaine 
with warmed tubes further reduced blood loss. Cost 
considerations, availability, its unscheduled drug 
status, and equal efficacy to cocaine make AFRIN 
a reasonable alternative when used with a warm en- 
dotracheal tube. 


References. 
l. Kay J, et al: Sequential dilation. A useful 
adjunct in reducing blood loss from nasotracheal 
intubation. Anes 1985; 63(3A):A259. 
2. Quintin L, et al: Decreasing the incidence 
of upper airway bleeding when using a large size 
nasotracheal tube. Anesthesiology 1985; 62:374. 


Table 1. Bleeding Scores Following Naso- 
tracheal Intubation 


Group MEAN SEM P 

1 (none- RT) 2.29 #2217 

2 (AFRIN- RT) 2.08 + .177 NS 

3 (Cocaine- RT) 1.63 + .164 <.05 
4 (none- WT) 1.68 + .288 NS 

5 (AFRIN- WT) Ls27 + .195 < 01 
6 (Cocaine- WI) 1.30 + 152 <01 





FIGURE l: BLOOD LOSS SCORE WITH VARIOUS VASOCONSTRICTORS 
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Introduction. Subanesthetic dose of ketamine has 
been shown to possess an analgesic effect in animal 
and human studies (1). Recently several studies in- 
dicated that the analgesic produced by ketamine is 
mediated by opiate receptors (2). Furthermore, keta- 
mine's lack of respiratory desressing effects offers 
an advantage over the narcotic analgesics. The pre- 
sent study was undertaken to evaluate the analgesic 
effect of ketamine when administered epidurally in 
patients with postoperative pain. 


Method. The study was conducted after institu- 
tional approval and informed consents were obtained 
from all the patients prior to their entry into the 
study. Forty adult patients scheduled for upper ab- 
dominal surgeries were enrolled in this study. All 
patients received thiopental induction and inhalation 
anesthesia with halothane or enflurane in nitrous 
oxide and oxygen with no narcotic agents added. At 
the completion of surgery, before awakening fromanes- 
thesia, an indwelling epidura catheter was placed in 
patient's lower thoracic area (T10-T12). After pa- 
tients fully recovered from anesthesia and complained 
of pain in the postoperative period, ketamine hydro- 
chloride, 15 mg in 10 ml normal saline, was admini- 
stered epidurally via the catheter and all the 
patients were observed for pain intensity scores (by 
visual analogue scale), pain relief scores (0 = none, 
l = 25%, 2 - 50%, 3 = 75%, anc 4 = complete), vital 
signs and side effects for 24 hours. "Rescue" medi- 
cation, meperidine 50-75 mg intramuscularly, was 
given whenever a patient complained of inadequate 
pain relief. 





Results. Onset of pain relief with epidural keta- 
mine appeared at 5 minutes, peeked between 20-30 min- 
utes with a duration of action averaging 3.8 + 1.6 
hours S.D. (Table I). No evidence of sensory, motor 
or autonomic blockade were observed in any patient 
nor was there any incidence of pruritis, urinary re- 
tention or respiratory depression. Four patients 
complained of dizziness and feeling of detachment. 
There was no significant change in both systolic and 
diastolic blood pressure and heart rate after drug 
administration. 


MS Mok, M.D., KH Chan, M.D., SK Chung, M.D., TY Le- 
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M.D., M Lippmann, M.D. 


-#*ter, Torrance, California, 90509, U.S.A. and 
a], Taipei, Taiwan, R.0.C. 


Islas and associates reported that 
z| ketamine 4 mg provided postoperative analge- 
th a mean duration of 4.06 + 1.34 hours (33. 

dy demonstrated that while utilizing a much 
dose, epidural ketamine at 15 mg provided 

ive analgesia in postsurgical patients, but its 
a of action is still much shorter than that 
reporded in most studies of epidural morphine. 
Furtr=mmore, in 4 (10%) patients early signs of psy- 
chotcwimetic effects were observed and this raises 
the tion whether it will be advisable to admini- 
ster amine epidurally at an even larger dose to 
for more prolonged pain relief. In conclusion, 


















epidu-al ketamine appears to provide efficacious pain 
relie|but its relatively short duration of acticn 
and hotomimetic effects might restrict its use- 
fuln as a replacement for epidural opiates. 


rences. 
.pgotf S, Allen GW, et al: Clinical experience 
Danesthetic ketamine. Anesth Analg 53:354- 
74, 
=k AD, Ngai SH: Opiate receptor mediation of 
2 analgesia. Anesthesiology 56:291-297, 1982. 
as JA, Astroga J, Loredo M: Epidural ketamine 
tirol of postoperative pain. Anesth Analg 
-1162, 1985. 


PAIN SCORES AFTER INJECTION OF EPIDURAL KETAMINE 
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Title: THE EFFECT OF Hj RECEPTOR BLOCKERS ON EUPIVACAINE DISPOSITION 


Authors: J. Moore, Ph.D., R.J.Flynn, F.F.A.R.C.&., C.M.Wilson, F.F.A.R.C.S., J.P.H. Fee, F.F.A.R.C.S., 
E.McClean, F.I.M.L.S., J.W.Dundee, Ph.C. 

Affiliation: Department of Anaesthetics, The Queen's University of Belfast and Belfast City Hospital, 
Northern Ireland 


Introduction H3 receptor antagonists statistically significant due to marked variation of 
cimetidine (1) and ranitidine (2) nave differing bupivacaine levels in those given Hz blockers. 
effects on the disposition of lignocaine. Both Table 1. Mean plasma levels of bupivacaine (ng/ml + 
blockers are used in obs=etric practice to decrease SE) following its extradural administration to 
gastric acidity and their use is commonly associated patients given no treatment, cimetidine 400 mg or 
with the use of bupivacaine for extradural ranitidine 150 mg orally. 
anesthesia. There is justifiable anxiety concerning 
the interaction of local anesthetics and H2 Min Control Ranitidine Cimetidine 
receptor blockers (3), since a study comparing the 10 415 + 31 699 + 171 607 + 106 
effects of adrenaline on the uptake of extradurally 20 431 + 26 611 + 130 570 + 95 
administered bupivacaine for elective Cesarean 30 592 + 50 711 + 161 91r- -+ 165 
section showed a significant elevation of plasma 40 689 + 30 777 + 149 956 + 184 
bupivacaine levels in women receiving ranitidine as 50 701 + 74 740 + 101 375 + 159 
their antacid therapy (Fig. 1) (4). 60 637 + 68 752 + 115 855 + 135 

nom”! 70 613 + 55 723 + 142 808 + 80 

wood Figure 1. _ | 80 518 + 50 714 + 186 744 + 60 

na Cs 90 470 + 42 619+ 87 670+ 69 

ge 2 hr 391 + 37 580 + 80 559 + 98 

A 3" 267416 432+ 69 410+ 75 

4" 218 + 17 301 + 37 324 + 53 

os 5:* T73% 14 231-4 32 3il æ 55 
Vy Discussion Cimetidine but not ranitidine 
í has been shown to inhibit the metabolism of a wide 

eoo -—-= WITH RANITIDINE 


variety of drugs and this difference has been 

—— WITHOUT RANITIDINE attributed to the presence of an imidazole ring in 
the cimetidine molecule (5). This study suggests 
that. both Hə receptor blockers effect the 
pharmacokinetic profile of extradurally administered 
bupivacaine and that further investigation is 





20 40 60 MIN 


MEAN PLASMA BUPIVACAINE LEVELS (28EM) 


required. 

A more definitive investigation of the effects The similarity in the time course of decay in 
of pretreatment with cinetidine and ranitidine in plasma bupivacaine levels in those women who did and 
the uptake, distribution and elimination of did not receive Hy blocker treatment suggests that. 
bupivacaine given extradurally to patients the higher concentration in the former series 
undergoing elective Cesarean delivery seemed indicates a change in volume of distribution rather 
indicated and the findings are reported here. than an effect on metabolism. 

Methods Only healthy women, at term, awho Accepting a variation of 6% in the method of 
selected extradural anesthesia for elective Cesarean bupivacaine estimation and a 40% within-group 
section were included. They had no relevant past Variation numbers required to give a 95% chance of 
history and were not on any medication. Patient and showing a clinically significant difference (50%) 
local Ethical Committee approval was obtained. between control and those pretreated with H3 

They were randomly allocated to 3 groups. These receptor blockers is 18 per group. 
were given either cimetidine 400 mg, ranitidine 150 
mg or no pretreatment. The H3 blockers were given References 
orally 90 min prior to instituting the extradural l. Feely J, Wilkinson GR, McAllister CB, Wood AJJ. 
block. Bupivacaine 0.5% was the local anesthetic Increased toxicity and reduced clearance of 
used. The initial dose was 10 ml and incremental lidocaine by cimetidine. Ann Int Med 1982; 96: 592. 
doses at 20 min intervals were given, calculated as 2. Feely J, Guy E. Lack of effect of ranitidine on 
1.5 ml per unblocked segment below Te» the disposition of lignocaine. Br. J. Clin. 

Venous blood was collected from an antecubital Pharmac., 1983; 15: 378. 
vein of the non-infused arm via a 16 guage 3. Hodgkinson R. Potential interactions between 
catheter. Samples were collected before and at 10 cimetidine and amide local anesthetics in 
min intervals from the first dose of bupivacaine for obstetrics. Anesthesiology 1984; 60: 508. 

90 min then at 2, 3, 4 and 5 hr. The samples were 4. Wilson CM, Moore J, Ghaly RG, Flynn RJ, McClean 
centrifuged and the supernutant plasma stored at E, Dundee JW. Plasma concentrations of bupivacaine 
-200C until analysis. Bupivacaine estimations during extradural anaesthesia for Caesarean 

were made using HPLC with UV detection at 220 nm. Section: the effect of adrenaline. Anaesthesia 
Mepivacaine was used as the standard. 1987; 42: 

Results Eighteen patients were included in the 5. Henry DA, MacDonald IA, Kitchingman G, Bell GD, 
study and were equally distributed between the 3 Langman MJS. Cimetidine and ranitidine: comparison 
groups. The plasma bupivacaine levels show that of effects on hepatic drug metabolism. Br Med J 
(Table 1) following both cimetidine and ranitidine 1980; 281: 775. 


pretreatment levels were higher than in the control 
group. None of the between-group differences were 
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AFFILIATION: MCMASTER UNIVERSITY, HAMILTON, ONTARIO, CANADA L8N 325 


INTRODUCTION Diisopropylphenol (Diprivan) is a new 
intravenous induction agent which is insoluble in 
water and thus is supplied as a 1% emulsion. The 
purpose of this study was to evaluate and compare the 
efficacy, cardiovascular and respiratory changes, 
recovery characteristics and side effects of diprivan 
(2.5mg/Kg) with thiopental (5.0mg/Kg) for the 
induction of general anaesthesia in fit dental 
outpatients. 

METHODS Institutional approval of the study was 
obtained. After signing informed consent 43(ASA 
Class I or II) patients were enrolled into the study. 
All patients were scheduled fcr minor dental surgical 
procedures performed as an outpatient. All patients 
received a premedication of meperidine lmg/Kg intra- 
muscularly one hour prior to the booked surgery. 
Patients were randomised on a 2=1 basis to 2 groups - 
Group I received Diprivan 2.5mg/Kg and Group II 
Thiopental 5mg/Kg administered intravenously over 

20 seconds as an induction agent. If the patient 

did not fall asleep within 1 minute 25% of the 
induction dose was administered as an increment. 
Gallamine 15mg and succinylcholine 1.5mg/Kg were 
administered intravenously to facilitate nasotracheal 
intubation after a 3 minute period during which the 
patient breathed 1003 0, by mask. During this period 
ECG was monitored, blood pressure measured at one 
minute intervals, and minute volume recorded using a 
Wrights' electronic respirometer. In addition the 
presence of pain on injection or other side effects 
were noted. All observations were made by a trained 
observer who was unaware of the agent being used, as 
also was the patient. During the 3 minute period 
following induction an increment equal to 25% of the 
induction dose was given if deemed necessary to main- 
tain anaesthesia. Anaesthesia was then maintained 
with nitrous oxide 70% in oxygen, and isoflurane l-2% 
with spontaneous respiration. At the end of surgery 
anaesthesia was stopped and recovery times (open 
eyes, obey a simple command and recall birthdate) 
were recorded. In addition the observer noted side 
effects and venous sequelae were followed up for 14 
days postoperatively (the indtction agent was 
injected into an intravenous line not used for any 
other medication). Statistical analysis was by 
analysis of variance and unpaired T test for 
continuous data and Fischer exact test for binary 
date, and p<0.05 was regarded as being statistically 
Sigrificant. 

RESULTS 28 patients (25.0+1.9 years, 24 male) 
received diprivan and 15 patients (25.5+1.9 years, 

10 male) received thiopental. The heights and 
weights of the patients in the two groups were 
similar. 3(11%) of the diprivan patients required a 
2nd dose for induction, compared to none of the 
thiopental. However 2(13%) of the thiopental 
required a 2nd dose in the 3 minute period following 
induction compared to none of the diprivan. 20(71%) 
of the diprivan group developed apnoea compared to 
10(67%) of the thiopental grous and in 9 (32%) 
diprivan patients and 4(27%) thiopental patients the 
apnoea lasted more than 60 seconds requiring assisted 
ventilation. 4 diprivan patients complained of pain 
or discomfort on injection, whereas none of the 
thiopental group did so and no venous sequelae were 


noted in any patient. 

The heemodynamic data are shown in Figure I. The 
blood pressure was significantly lower in the 
diprixan group as follows - systolic pressure at 3 
minutes (p=0.02) and diastolic pressure at both 2 
minutes (p=0.001) and 3 minutes (p=0.05). The 
respiratory data and times for recovery are shown in 
Table I. In the diprivan group the minute volune was 
significantly less at 2 minutes after induction than 
in the thiopental group. The times for recovery were 
signiticantly shorter in the diprivan group for each 
categcry measured. Side effects occurred in similar 
frequency in each group except for nausea and 
vomiting which was present in 5(18%) of the diprivan 
patierts compared to 8(53%) of the thiopental. 
CONCLUSIONS Diprivan would appear to be an 
effective induction agent for fit outpatients urder- 
going dental surgery. Its use was associated with a 
higher incidence of mild cardiovascular and 
respiratory depression when compared to thiopental. 
However the diprivan patients recovered significently 
faster and had less nausea and vomiting and thus it 
would appear to be a promising induction agent for 
use ir outpatients. 
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Title: INCIDENCE OF BRACHIAL PLEXUS STIMULATION DURING INTERNAL JUGULAR VEIN CANNULATION 
Authors: WG Mortimer, M.D., MB Howie, M.D., SD Rathburn, M.D., L Rogers, B.S. 
Affiliation: Department of Anesthesiology, The Ohio State University Hospitals, 410 West 10th Avenue, 


Columbus, Ohio 43210 


Introduction. Several mechanisms of 
perioperative brachial plexus (BP) injuries in 
open heart surgery have been proposed and include 
hyperabduction of the arm at the shoulder, 
excessive sternal retraction, and iatrogenic first 
rib fractures. But despite alterations of 
surgical technique and intraoperative patient 
positioning, BP injuries still occur. Recently 
Hansen et al. demonstrated that 73% of post- 
operative BP injuries occurred at the ipsilateral 
side of internal jugular vein (IJV) cannulation in 
open heart surgery. They postulated that 
traumatic cannulation may be a major mechanism of 
plexus injury. This investigation used a merve 
stimulator attached to the metal cannulas used 
during IJV cannulation to determine the incidence 
of stimulation of the BP. 

Methods. With informed consent and approval 
of the Human Subjects Review Conmittee, we eval- 
uated 20 patients scheduled for open heart 
surgery. The patients were premedicated with 
lorazepam 0.04 mg/kg and morphine 0.1 mg/kg. Each 
patient's height, weicht, and neck circumference 
were recorded. Intravenous and arterial catheters 
were placed percutaneously under local anesthesia, 
and EKG leads were placed. A nerve stimulator 
ground lead was placed on the right (R) shoulder. 
The R neck was prepped and draped and the patient 
placed in a 30-degree Trendelenburg position. The 
two heads of the sternocleidomastoids were 
identified so that the central approach to the R 
IJV could be performed. Using an 8.5 Fr Arrow 
introducer tray, we infiltrated 1-2 cc's of 1% 
xylocaine subcutaneously prior to the insertion of 
a 22-gauge "seeker" (S) needle. A sterile lead 
was attached to the S needle and to a Bard model 
750 nerve stimulator. The stimulus frequency was 
l impulse/sec, and the voltage was set between 4 
and 5 volts which will cause nerve stimulation 
when the needle is 3 mm from the nerve. The S 
needle was then advanced into the apex of the 
triangle toward the R nipple at a 45-60° angle 
with the frontal plane wntil the R WV was 
identified. Any movement of the patient's 
fingers, forearm, or arm was noted and recorded by 
an independent observer, and the needle 
advancement was stopped and redirected. After the 
S needle identified the LV, the lead was then 
placed on the 18 gauge x 2 1/2" thin walled (TW) 
needle used to cannulate the R WV. This needle 
was inserted along the path of the S needle tntil 
blood was aspirated. The nerve stimulator was set 
at the previous parameters, and clinical movement 
was again noted and recorded. ‘The lead was then 
renoved and the guide wire was placed. The 
introducer was then placed into the R WV over the 
guide wire. All cannulations were performed by 
third-year residents or anesthesia fellows. 
Neurologic examinations were performed pre- and 
post~operatively. Statistical analysis was 
performed by one-way analysis of variance and nom 
parametric Kruskal-Wallis tests. 


Results. All patients had the R DV 
successfully cannulated. Most patients required 
fewer than three passages of the S needle to iden- 
tify the R IJV. The mean numbers of attempts with 
the S needle was lower in patients who weren't 
stimulated, but this difference was not 
statistically significant (Fig. 1). Two of twenty 
patients elicited motor stimulation of the BP 
during location of the R WV with the S needle. 
No patients were stimulated when the TW needle was 
pl aced. There were no demographic differences 
between those patients who were stimulated and 
those who were mt. No parasthesias were noted 
throughout the study. No postoperative neurologic 
dysfunction in either upper extremity was noted. 

Discussion. Data fran our investigation 
supports the concert of Hanson et al. that DV 
cannulation can be a cause of post-operative BP 
neuropathy. The 10% incidence of stimulation may 
appear high, but it may reflect the experience of 
the physician performing the cannulation. Because 
we did not advance the needles once stimulation 
had occurred, we didn't have any patients with 
neurologic dysfunction. Since the medle tip was 
only 3-4 mm away from the rerve, it seems very 
plausible that further advancement into the BP 
could have occurred. Since most patients 
presenting for open heart surgery are heavily 
premedicated, they may not complain of a paras- 
thesia and injury may occur. 

Ref erences 
l. Hanson HR, Bleur AC, Furlan AF, et al: 
Mechanisn and frequency of BP injury in open heart 
surgery: A prospective analysis. Annals of 
Thoracic Surgery 36:675~-679, 1983 
2. Greenblatt GM and Denson JS: Needle nerve 
stimul ator—locator: Nerve blocks with a new 
instrument for locating nerves. Anesth and Analg 
41 :599-602, 1962 
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Introduction: Cardiopulmonary bypass (CPB) may 
adversely influence cerebral blood flow (CBF) 
and metabolism. A 30% reduction in cerebral 
glucose consumption in pigs was seen during 
normothermic CPB.” Our study was designed to 
assess the influence of normothermic 
non-pulsatile CPB on cerebral oxygen consumption 
(CMRO,, ) and CBF in man. 


Methods: Following approval from the hospital 
human investigations committee and after 
obtaining written consent, 5 patients undergoing 
surgery for accessory ventricular pathway 
cryoablation were investigazed. Anesthesia was 
induced and maintained by inhalation of 
isoflurane in oxygen. No other CNS depressants 
were used. Following sternotomy, anesthesia for 
each patient was maintained at a constant 
inspired isoflurane concentration throughout the 
study period, varying from 1.25% to 2.53% angng 
patients. CBF was measured using 5mCi of Xe 
in 6 ml saline injected into either the 
antecubital vein (pre- and post-CPB) or the 
arterial port of the pump oxygenator (during. 
C?B). For intravenous studies, end-tidal Xe 
was used to correct for regarculation. Mean CBF 
was based on the average Xe clearance 
measured by 10 scintillation detectors located 5 
over each cerebral hemisphere. Standard 
correction factors were used to compensate CBF 
values for changes in temperature and 
hematocrit. A 15 cm 16 ga catheter was 
introduced percutaneously and threaded 
retrograde into the right internal jugular bulb 
for sampling effluent cerebral venous blood. 
Blood gas measurements were made on a Radiometer 
ABL2 and oxygen saturation was measured directly 
using a Radiometer OSM3 hemoximeter. CMRO.. was 
calculated as the product of the O conteng 
difference between arterial and jugular venous 
blood and mean CBF. Measurements were made at 
three times: (1) following sternotomy, prior to 
CPB, (2) 15 to 30 min after commencement of CPB, 
(3) 15 to 30 min following termination of CPB. 
Data were analyzed using one-way ANOVA with 
Scheffe’s test for compariscns between events. 


Results: Results are presented in the table 
(mean + S.D.). For CBF and CMRO. each patient 
wes his own control, data being éxpressed as 
percent of the pre-CPB value. During 
nermothermic CPB, CMRO., was significantly 
reduced to 63% of the pre-CPB values. The 273 
reduction in CBF did not achieve statistical 
Significance. After weaning from CPB both CMRO 
ard CBF returned to their pre-CPB control 
values. 
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THE INFLUENCE OF NON-PULSATILE NORMOTHERMIC PERFUSION ON CEREBRAL BLOOD FLOW 


JM Murkin, M.D., K. Farrar, Ph.D.,AW Tweed, M. )., and G. Guiraudon, M.D. 
Departments of Anaesthesia, Cardiovascular and e Surgery and Clinical Neurological 
Sciences, University Hospital, University of W 


tern Ontario, London, Ontario, Canada 


i 


Disctsision: Our study has demonstrated a 37% 
reduc =|ion in CMRO., during normothermic CPB in 
man, [his is aboŭt half ef the CMRO., depressioy 
seen With hypothermic (25°C) non-pulSatile CPB.“ 
These data are consistent with studies in 
animē s "~ and suggest that loss of pulsatile 
perfusion per se reduces CMRO.. The mechanism 
rems speculative. Further studies examining 
the cerebrovascular effects of pulsatile and 
non-pillsatile CPB are required. 


Refer=nces: 
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Boker A, Hansen AJ, Gjedde A. Non-pulsatile 
candiopulmonary bypass disrupts the 
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Tr=rac Cardiovasc Surg 1985;90:570-579. 

2. Murkin JM, Farrar JK, Tweed WA, Guiraudon G, 
Mcenzie FN. Relationship between cerebral 
bod flow and 02 consumption during 
hi=n-dose narcotic anesthesia for cardiac 
suzgery. Anesthesiology 1985:63:A44. 

3. Hcecky J, Sujansky E, Cerven J, Pappova E. 
Sce problems of extracorporeal circulation 
wi respect to the cerebral circulation. J 
cCcañiovasc Surg 1966;7:79-83. 


Table. Data for Five Subjects 


Pre-CPB CPB Post-CPB 
(1) (2) (3) 


CMRO | 100 63+15* 103+21 


(3 cGerol) 

CBF 100 73+32 107+42 
(% comzrol) 

MAP 74+5 54+5* 63+5 
(mmHg 

Tempe - ture 35.7+0.7  36.9+0.8* 36.8+0.4* 
(C) 

PaCo, 38+4 41+5 41+7 
(mmHg 

Hemog bin 12.9+1.2 Ss ot Lele 9071.2% 


(gm/d 
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* p< 0.05 vs (1), mean + S.D. 
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Introduction, BW A938U is a new non- 
depolarizing neuromuscular blocking drug developed 
by Dr. J. Savarese and Wellcome Research 
Laboratory. In a previous study BW 938A was 
reported to be a long-acting non-depolarizing 
neuromuscular blocking drug with no cardiovascular 
side effects. This study examined the 
neuromuscular and cardiovascular effects of this 
drug during isoflurane anesthesia in patients 
undergoing surgical procedures. 


Methods. 3 groups of patients, each group 
consisting of 9, ASA class I or II of either sex 
(excluding females of child-bearing potential), 
aged 18-59 yrs were studied after institutionally 
approved informed consent was obtained. Patients 
were _premedicated with morphine (0, 10-0.15 
mg/kg!) and atropine (0.004-0.008 mg/kg ~) 45-60 
mins prior to induction of anesthesia. Anesthesia 
was induced with thicpental 4-10 mg/kg ~ and 
maintained with 70% N,0 and isoflurane (0.7% end 
tidal) for 15 min (Perkin Elmer mass spec). The 
twitch response of the edductor pollicis muscle to 
ulnar nerve stimulation was elicited by 
supramaximal square weve pulses of 0.2 msec 
duration at a frequency of 0.15 Hz quantitated by 
an FT10 transducer. After stabilization of the 
twitch response, one of three doses (7.5, 10.0, 
and 12.5 ug/kg) of BW A938U was administered as an 
i.v. bolus over 5-10 secs. The following values 
were obtained from the analysis of twitch 
recording: onset time from injection to maximal 
block, magnitude of maximal block, duration of 
block from injection to first discernible 
recovery, and duration of block from injection to 
25, 50, 75, and 95% recovery. Heart rate (HR) by 
ECG and blood pressure (BP) by Dinamap were 
monitored in all patients. Data was analyzed by 
linear regression and compared to previous data 
under nitrous/narcotic anesthesia. 


Results. The ED25, 50, 75, and 95 under 
isoflurane anesthesia obtained from log probit 
dose response curve were 6.5, 8.6, 11.3, 16.2 
ug/kg ~ compared to previously published data for 
nitrous/narcotic anesthesia where ED25, 50, 75, 95 
were 10.5, 13, 16, and 23 ye/kg (Fig. 1). The 
time to maximal block was inversely related to 


= - 





dose. The onset time to maximum block, duration 
of max block, and recovery data are shown in Table 
I No clinical significant changes were noted in 
HR, BP, or rhythm. 


Discussion. The neuromuscular blocking action 
of BW A938U was potentiated by isoflurane, an 
inhalation anesthetic. 
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Fig. 1. Log probit dose response curve of 
BW A938U under isoflurane (e) and nitrous/narcotic 
(o) anesthesia. 
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Percent Onset to Time (in mins) 
Dose Maximum Maximum to percent recovery 
ugike Block Block (mins) 25% 502% 90% 
7.5 22.8+8.1 17.6+1.4 - - 35.14 4.1 
10.0 56.3+9.6 13.240.8 47 .84+9.0 72,9417.1 
12.5 80.345. 2 12.0+0.7 3242.9  46.148.2  70.5+15.2 





Table 1. Percent maximum block, onset time to 
maximum block, and recovery of twitch following BW 
A938U during isoflurane anesthesia. Results are 
mean + standard deviation. 
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Introduction. During isoflurane and 
halothane anesthesia in infants, the hypotension 
that occurs results primarily from changes in the 
determinants of cardiac function; however, fluid 
deficits created by the fasting period prior to 
anesthesia induction may also contribute to this 
hypotension.” Using non-invasive pulsed doppler 
echocardiography to measure left venfrjcular 
volumes and pulmonary artery blood flov, >? the 
cardiovascular effects produced by fluid 
replacement was studied in infants during equal 
MAC levels of halothane and isoflurane anesthesia. 

Methods. Informed written parental consent 
was obtained to study twenty healthy (9 d - 32 mo) 
infants who required elective surgery. These 
unmedicated infants, who were NPO for four to 
eight hours preoperatively, were randomly assigned 
to receive a mask induction via a semiclosed 
circle of either halothane (n=10) or isoflurane 
(n=10) in oxygen. After induction, intravenous 
access was secured, and ventilation controlled 
with end tidal halothane or isoflurane measured 
(Beckman LBII). Anesthesia was maintained at 1.25 
MAC halothane or isoflurane (adjusted for age)”. 


of L ated Ringers. In the infants who received 
isoffijrane, improvements occur in EF and SVI 
suggesting this response is maintained, while in 
patie;ts who received halothane, ejection fraction 
and stroke volume index decreased, suggesting 
halot kne anesthesia may impair myocardial 
resp&œ&ses to increased LVEDV in infants, Tkis 
difference in response to increased prelcad 
betwe=h isoflurane and halothane may be important 
in =xlinical practice. Changes in cardiac 
performance by halothane and isoflurane are more 
impor-ant causes of hypotension than fluid 
deficits. 
Table 1. Changes in MBP and HR 
Before Fluid 
HR (beats/min) 


After 15 ml/kg LR 


lothane 119.4+3.5 123+2.6 
oflurane 142.7+6.7+ 135+7.5+ 
MBP Hg) 
Fiothane 58.9+2.9 57.942.4 
oflurane 60.643.1 49.5+3.1+* 


+p<0. from Halothane, *p<0.05 from before fluid 













for five minutes (25-30 minutes following 1. Wo.f WJ, et al. Anesthesiology 64:328, 1986. 
induction) and then the cardiovascular data was 2. Di JH, Lockhart CH. Anesthesiology 51:5313, 
collected. Immediately following this measurement, 1979, 

with anesthesia maintained at 1.25 MAC, 15 ml/kg 3. Me-tier JC, et al. Circulation 65:962, 1982. 


of Lactated Ringers (LR) was infused and the 4. Pe: 
cardiovascular measurements were repeated. The 5. Gr- 
cardiovascular data included blood pressure, heart 6. Caz 
rate by EKG and pulsed doppler echocardiography to 7. G1 
measure left ventricular area at the level of the 1962. 
papillary muscle, left ventricular length and mean 
pulmonary artery velocity. Left ventricular end 
diastolic volume (LVEDV), cardiac index (CI), 
stroke volume index (SVI), ané ejection fraction 
(EF) were derived from the pulsed doppler 
echocardiographic data. Results were analyzed 
using a two-way analysis of variance. 
Significance was accepted at p<(C.05. 

Results. Mean blood pressure (MBP) was 
similar in the halothane and isoflurane groups 
before fluid; however, infants who received 
isoflurane had higher heart rates both before and 
after fluid than infants who received halothane SVI 
(Table 1). After Lactated Ringers, blood pressure mi/beat/ni? 
decreased significantly in the isoflurane group, 
but was unchanged in the infants who received 
halothane (Table 1). LVEDV increased Significantly 0 
following fluid administration in both groups of ne ibe prelates fee. tee 
infants (Figure la). The EF and SVI decreased ion ease S AOWEDS RATEN 
significantly after LR in the halothane group, but 
increased after LR in patients who received 
isoflurane (Figures 1b,1lc). CI decreased in 
infants who received halothane, but increased in 
patients who received isoflurane after the fluid 
(Figure 1d). 

Discussion. An increase in LVEDV (preload) 
improves cardiac contractile performance and 
increases stroke volume and cardiac output in the 
normal heart (Starling's law of the heart).’ This 
intrinsic myocardial property was examined in W e box 
these infants by increasing preload with 15 ml/kg B 


lman AS, et al. Am J Cardiol 46:1256, 1980. 
ory GA, et al. Anesthesiology 30:488, 1969. 
ron CB, et al. Anest Analg 63:418, 1984. 

son WL, Braunwald E. Circulation 25:841, 
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—=GURE 1: Cardiovascular measures before and aller 
15ml/kg Lactated Ringer's 


(a) Left Ventricular End Diastolic Volume (LVEDV) 
(b) Ejection Fraclion (EF) 

(c) Slroke Volume Index (SVI) 

(d) Cardiac Index (Cl) 


(* {0.05 from before fluid, F p< 0.05 Irom isoflurane) 
Vas expressed as mean and SEM 


Before Fluid 
After 15 ml/kg Lactated Ringers 
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Introduction Pipecuronium bromide (Arduan) is a 
bisquaternary, nondepolarizing musele relaxant (MR) 
undergoing clinical pharmacological investigation in 
the U.S.A. In patients who received balanced anes- 
thesia it was about 40% more potent than vecuronium, 
the duration of its neuromuscular (NM) effect was 
similar to that of pancuronium, but unlike 
pancuronium it did not increase heart rate (HR) or 
blood pressure (BP). In the present study, the NM 
effects of pipecuronium were investigated in patients 
receiving enflurane anesthesia. 

Methods This study, approved by the Institutional 
Review Board, was carried out on 30 patients of 
either sex (ASA classification I and II) who signed 
informed consents. After premedication with i.m. 
diphenhydramine meperidine, anesthesia was induced 
with 3 -5 mg/kg thiopental followed by the 
inhalation of 3 liter/min NO - 2 liter/min 0 
containing 3% enflurane during Ehe first 5 min and og 
thereafter. The isometric force of contraction of the 
adductor pollicis muscle elicited indirectly by 
trains of four (TOF) 2Hz supramaximal square wave 
impulses of 0.2 ms duration, administered every 10s, 
was quantitated by FT10 transducers and continuously 
recorded. When Ti (the response to the first of the 
TOF impulses) became stable an initial dose of 10 
ug/kg pipecuronium was injected i.v. Subsequently, 
depending on the response to the first dose, 2.5 to 
10 ug/kg increments were administered, whenever the 
response to the preceeding dose became maximal, until 
> 90% block developed. At this time patients were 
intubated. From the log dose-response regression 
line the ED50 and ED90 of pipecuronium was determined 
for each patient. Sutsequently the concentration of 
enflurane was adjusted to maintain adequate anes- 
thesia. When necessery 12 ug/kg pipecuronium was 
administered for maintenance of surgical relaxation, 
whenever T1 recovered to 25% of control. If at the 
termination of anesthesia the T4/T1 ratio was < 0.75 
the residual NM block was antagonized by the i.v. 
injection of a mixture of 40 g/kg neostigmine and 15 
ug/kg atropine. The NM and circulatory (HR and BP) 
effects of pipecuronium observed under enflurane 
anesthesia will be compared with the observations 
made in an earlier study in patients under balanced 
anesthesia. 

Results The data of table 1 indicate that the NM 
potency of pipecuronium was about 1.5 times greater 
under enflurane than under balanced anesthesia. The 
total dose of pipecuronium required to decrease TI to 
< 10% of control was 30.0 + 1.1 wug/kg (Mean + SEM) 
under enflurane and 43.5 + 2.1 ug/kg under balanced 
anesthesia. Complete NM block developed in 24 and 13 
patients in the enflurane and balanced anesthesia 
groups respectively. Tne time for the return from 
the first visible TI to 25% of control was about 50% 
longer in the enflurane than in the balanced 
anesthesia group . Tae mean clinical duration of 12 
ug/kg repeat doses of pipecuronium were longer under 
enflurane than those of 15 ug/kg doses under balanced 
anesthesia. In comparison to the recovery of Ti the 
T4/T1 ratio increased more rapidly after reversal in 
the enflurane than in the balanced anesthesia group 
(see Table 2). The amount of pipecuronium used for 


the dose-response determination had no effect on HR 
and BP in the enflurane group, but decreased HR by 
about 8%, without affecting BP, in the balanced 
anestnesia group. 

Discussion As is the case with other nondepolarizing 
MR, enflurane significantly inereased the potency and 
duration of action of pipecuronium. After reversal 
with neostigmine T1 only returned to about 75% of its 
control value. In contrast T4/T1 ratio was 0.88 at 
this time, indicating that under enflurane 
anesthesia, after reversal with neostigmine, M 
transmission recovers more completely than the force 
of contraction of the muscle. This observation is 
compatible with results of animal experiments” which 
indicated that enflurane depresses the contractility 
of the muscle fiber, but has little or no effect on 
NM transmission. The myoneural effect of enflurane 
is long lasting and can be reversed by 4-aminopyri- 
dine but not by neostigmine. The findings presented 
indicate that after the combined administration of 
enflurane and pipecuronium, even after satisfactory 
reversal (TH/T1 ratio = 0.88) of NM transmission by 
neostigmine, muscle strength does not return to its 
control value. 

Table 1. The neuromuscular effects of pipecuronium 

under enflurane and balanced anesthesia 








Enflurane Balanced Px 
ED 50 (ug/kg) 13.340.7(29)t  20.341.1(30) 0.001 
ED 90 (ug/kg) 22 ..241.0(29) 33.0+1.6(30) 0.001 


Recovery (min) of Ti 
from 1 to 25% 45 .64+5.5(24) 
Maintenance Dose 


31.9+6.9(13) ns 


(ug/kg) 12 15 
Duration (min) 
1st dose 58.144.2(18) 41 ,342.9(21) 0.01 


end dose 50.2+6.3( 5) 52.5+5.4(13) ns 
* Indicates significance of difference between 
enflurane and balanced anesthesia groups 


(Student's t test). 
+ All values are Means + SEM of number of cases 
indicated in parenthesis. 
Table 2. Reversal of the pipecuronium induced 
neuromuscular block under enflurane and 
balanced ‘anesthesia 





Enflurane (27) Balanced (24) 
T1(% of control) T4/TL T1(% of control) T4/T1 
Before 


Reversal 35.0+2.1t 0.22+0.03 39.725.2 0.174+0.05 
After Reversal 

2 min 54.94+2.6 0.63+0.03 59.145.0 0.49+0.06 
5 min 66.942.7 0©.8040.02 78.0+4.2 0.70+0.04 
10 min 73.8+2.6 0.8840.01 88.143.5 0.8340.02 


Meaning of symbols as indicated in table 1. 


References 1. Foldes FF, Nagashima H, Nguyen HD, 
et al: The human cumulative dose-response of 
pipecuronium bromide under balanced anesthesia. 
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Introduction. Hofmann elimination and ester 
hydrolysis have been described as the two pathways 
of inactivation of atracurium (A). Generation of 
laudanosine in vivo and in vitro has been cited as 
evidence in support of Hofmann elimination. Ester 
hydrolysis was reported to be catalyzed by enzymes 
in plasma. Supporting evidence was recently 
provided by the demonstration of an inhibitory 
effect of organophosphorous compounds on the 
inactivation of A. Whereas the notion of enzyme- 
catalyzed hydrolysis of A seems adequately 
documented, the presence of laudanosine in the 
incubation solution or in plasma in vivo cannot be 
accepted as sufficient proof that laudanosine was 
generated exclusively by kofmann elimination. 
Chemically, a nucleophilic substitution reaction 
(SN2) is an alternative inactivation pathway that 
also yields Jaudanosine as an end-product. We 
hypothesized that the SN2 reaction may become 
evident if, at the same pH and temperature, the in 
vitro inactivation of A proceeds faster in the 
presence of a nucleophile. Propionic acid and its 
derivatives (alanine and cysteine) were selected as 
test substances to be added to the incubation 
solution (saline). Metocurine (M) was substituted 
for A in some experiments to test whether the 
incubation with cysteine causes Spurious 
interference with the neuromuscular block produced 
by non-depolarizing relaxants. 


Methods. Incubations of A were carried out in 
0.9% NaCl solution at 37°C. Sodium propionate, 
alanine, or cysteine (0.1 M) were added when 
required. The solutions were brought to pH 7.4 
before the addition of A (1 mg/ml; total incubation 
volume 10 ml). A pH electrode was used to monitor 
the activity of hydrogen ions during the 
incubations. Small amounts of sodium hydroxide were 
used if necessary for the maintenance of constant 
pH (7.4). Before and during the incubations with 
cysteine the solutions were deoxygenated with 
humidified nitrogen. M (0.02 mg/ml) was similarly 
incubated in saline with or without the addition of 
cysteine (0.1 M). 

Aliquots of the incubation solutions were 
collected as soon as possible after the addition of 
the relaxants (0 min incubation) and again after 45 
min of incubation and immediately administered 
intravenously to anesthetized rats. When the 
aliquots contained A, the second aliquot was 
injected into the same animal; when M was present, 
a freshly prepared rat was used (to exclude 
cumulative effects). Initially the dose of A was 
2.4 mg/kg and that of M 0.025 mg/kg. A force 
transducer and a polygraph were used to record the 
onset and duration of relaxaticn, the magnitude of 
the neuromuscular block, and the rate of recovery 
of the indirectly stimulated m. gastrocnemius. 
Single supramaximal, square-wave stimuli (0.2 Hz, 
0.2 msec duration) were applied to the transected, 
ipsilateral sciatic nerve. The twitch height after 
the administration of the relaxants was expressed 
in percent of the respective preinjection values. 


Each inyubation setting was repeated four times with 
A and twice with M. All data were subjected to 
analysig of variance. 


Resu fts. The first injections of aliquots 
containing A (0 min incubation) produced a complete 
muscle |paralysis that was independent of the 
additives present. After 45 min of incubation, the 
neuromuscular block was still complete if the 
incubat on was carried out in plain saline or in 
saline containing sodium propionate. Inactivatior of 
A was manifested, however, by shorter duration of 
relaxation. Incubation with alanine resulted in a 
just discernible decrease of the block and markedly 
shorten duration of relaxation. By contrast, no 
block, r only a minimal block, was evident when 
cystein was present during incubation. 
Neuromuscular block produced by M was not influenced 
by incuEation with or without cysteine. 


Discussion. The data show that the "spontaneous" 
inactivation of A is not only dependent on tempera- 
ture anc pH of the incubation solution but also on 
its composition. Although pH and temperature were 
maintained constant, the presence of alanine (o-amino 
propionit acid) and, more significantly, of cysteine 
(2-amino, B-mercapto propionic acid) facilitated the 
inactivation of A. Our experiments do not provide 
informatjon about the nature of the preducts formed 
when alanine or cysteine were present jin the 
incubati n solutions. Among other alternatives, the 
possibility has to be considered that cysteine might 
have inattivated A by a direct attack on the parent 
molecule} in a nucleophilic substitution reaction 
(SN2). |It remains to be explored whether this 
reaction] may contribute to the inactivation of A 
under in |vivo conditions. 









e of Additives to the Incubation Solution on 
ctivation of Atracurium at pH 7.4 and 37°C 
(n=4; mean + SEM) 





Duration of Duration Magnitude 
Additiv incubation of the N-M block 
(min) (sec) (%) 
— jy CSCC) 
r 0 294+7 100° 
45 202432 99.7+0.3 
Na~prop#onate 0 273+46 100 












220+34 






99 .5+0.3 
a 





Alanine 0 251410 100 
(0.1M) 120415 96.0+0.6 
oe 0 215416  99.7+0.3 | 
(0.1M) 45 c 0;0;0;11? 


comple relaxation produced jin all four rats. 
DIndividlal data 
“Could npt be determined 


V.N. is ja recipient of the B.B. Sankey Anesthesia 
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Introduction. The protocol for protamine 
adninistration to neutralize heparin 
anticoagulation after cardiopulmonary by pass (CPB) 
varies greatly. Many investigators >23 have 
attemted to determine a minimum effective dose of 
protamine to avoid the possiole deleterious 
cardiovascular effects related to protamine 
administration, While the dose-response curve 
ootained from the activated coagulation time (ACT) 
nas been widely employed, its use has not deen 
validated in children. Consequently, we determined 
the minimum effective dose of protamine in 
pediatric patients undergoing CPB and compared it 
to the calculated dose derived from the pre-bypass 
ACT dose-response curve for heparin, 


Metnods. Eighteen patients (n=18) undergoing 
surgery with CPB for repair of congenital cardiac 
anomalies were studied under an institutionally 
approved protocol. Anesthesia was induced and 
maintained with nitrous oxide, oxygen, pancuronium, 
and halothane or narcotics. Anticoagulation oy 
heparin was assessed with the Hemochron R device 
according to the following scheme. After a 
baseline ACT measurement, heparin 400 units/kg was 
administered witn the goal of achieving an ACT 
value of 450 sec or greater. Additional heparin 
was administered as required to maintain the ACT 
above 450 sec. At the successful completion of 
CPB, the ACT was measured and the required dose of 
protamine was calculated from the dose-response 
curve determined pre-bypass. For neutralization 
of neparin, we initially administered protamine ] 
mg/kg via peripheral i.v. and detennined the ACT 
after 3-5 min. A second dose of protamine | mg/kg 
was then given, with additional doses (1 mg/kg) as 
required to return the ACT to baseline. A 
retrospective control group of 26 children (n=26) 
who underwent repair of congenital cardiac defects 
employing CP3 were used for comparison. These 26 
consecutive patients underwent surgery prior to the 
initiation of the above experimental study protocol 
and received a dose of protamine calculated 
according to the dose-response curve for heparin, 
Protamine, 1.3 mg, was administered for each 100 
units of heparin calculated to be circulating in 
the patient. Tne demographic characteristic of 
each group was compared. Data were reported as 
mean + SEM. Statistical analysis was performed 
using analysis of variance and Student's t test. P 
< 0.05 was considered significant. 


Results. In the experimental study group, the 
age was 4.2 + 1.03 yr (range 2d-10 yr), weight 17.3 
kg. No patient received more than 2 mg/kg of 
protamine despite calculated dose 4.7 + 0.16 mg/kg 
to return the ACT to baseline level. In the 


control group, the age was 2.9 + 0.6/7 yr (range 
3d-13 yr), weignt 12.3 kg. All received 4.9 + 0.11 
mg/kg of protamine and the ACT returned to baseline 
(taole). No significant differences existed 
5ətween groups in terns of the baseline ACT and 
post-protamine ACT values as well as age, weight, 
and bypass time, No patients received additional 
protamine for excessive postoperative bleeding in 
the ICU. 


Discussion. Different metnods are used to 
determine the dose of protamine required to reverse 
haparin activity after CPB. The heparin-ACT dose 
response curve is widely used although it has not 
bosen validated in pediatric patients. Under the 
conditions of this study, administration of 
protamine (1 mg/kg) could reduce an average ACT to 
165 sec; however, clinically, this ACT was 
considered still prolonged as compared to the 
baseline despite insignificant statistical 
diffarences. An additional dose of protamine (1 
mg/kg) therefore was given to provide a margin of 
safety and did reduce the ACT to baseline level in 
all patients. Thus, the total dose of protamine 
could be reduced approximately 43% (4.7 mg vs. 2.0 
mg) of the estimated dose. 


Tadle. ACT in baseline, before and after 
reversal of heparin anticoagulation. 


a Ean aaa 


CONTROL STUDY 
(N=26) _ (N-18) P 


baseline (sec) TLO A 2al” 119 + 2.6* (NS) 
p heparin (400 u/kg) 529 + 19.8 537 + 23.7 o 
(NS 





p CPB 548 F 13.7 528 + 14.5 

1.0 mg/kg H 165 + 14,6* 

2.0 | protamine 116 + 2.6* 

4.9 123 F 4.3* - * NS 





NS: non-significant 
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Introduction. Neonatal asphyxia can impair 
autoregulation of cerebral circulation. In preterm 
neonates, loss of autoregulation allows cerebral 
blood flow (CBF) to vary with fluctuations in 
arterial blood pressure and may lead to intracranial 
hemorrhage, central nervous system damage or deathl, 
Lidocaine has been reported to have protective 
effects in acute cerebral ischemia induced by air 
embolism. Therefore, we assessed the effects of 
lidocaine on CBF and its autoregulation after a 
period of asphyxia in newborn lambs. 


Methods. Thirteen 1-3 day old lambs were 
anesthetized with 70% N90, 30% 02 and paralyzed with 
d-tubocurarine. The skin of their groin and neck was 
anesthetized with 1% lidocaine for insertion of 
catheters into the femoral artery, and vein as well 
as lingual artery. Xenon was injected through the 
lingual artery and xenon washout from the brain was 
measured with a gama counter placed over the right 
parietal area. CBF was derived from the initial 
Slope of the xenon washout curve. CBF autoregulation 
was assessed by determining CBF at resting, elevated 
and decreased mean arterial blood pressures (MAP) 
before asphyxia and after asphyxia. MAP was 
increased by infusion of 0.02% phenylephine and 
decreased by infusion of 0.1% sodium nitroprusside 
solutions. After surgical preparation, the lambs 
were allowed to recover for 2 hours. After 
stabilization and demonstration of normal CBF 
autoregulation, 6 lambs received lidocaine 5 mg/kg by 
intravenous infusion over 5 minutes. All the lambs 
were then subjected to 30 minutes of asphyxia (P3092 
15-32 mmHg, PaCO> 50-76 mmHg). After asphyxia, all 
lamos were maintained at normoxia and normocapnia for 
the duration of studies. Lidocaine concentrations 
were determined by gas liquid chromatography with a 
nitrogen-specific detector. Data were compared by 
analysis of variance and presented as mean + SEM. 


Results. The CBF data are presented in the 
table. The plasma lidocaine concentration in the 
lidocaine-treated lambs was 3.5 + 0.4 ug/ml at the 
beginning of the asphyxia period. During asphyxia, 
CBF increased significantly in all the lambs. The 
increases in the untreated lambs were greater than 
those in the lidocaine-treated lambs. \ In the 
untreated lambs, at 30 and 90 minutes after the end 
of asphyxia, CBF increased with MAP elevation andat 
30 minutes after asphyxia, CBF decreased with MAP 
reduction. These changes indicate impairment of CBF 
autoregulation in the untreated lambs. After 
termination of asphyxia, the lidocaine-treated lambs 
maintained fairly constant CBF during increases and 
decreases in systemic blood pressure, indicating 
normal autoregulation. CBF at resting MAP decreased 
after asphyxia in both groups, but the decrease in 


CBF of |untreated lambs occurred later, being 
significant only at 90 minutes after the asphyxia 
period, 

Discussion. These results confirm our previous 
studies which showed impairment of CBF autoregulation 
after asphyxial stress in newborn lambs. The 
lidocadne-treated lambs maintained normal auto- 
regulazion after asphyxia but had a decreased level 
of cerebral perfusion. The CBF reduction may be 
caused by a decrease in cerebral metabolic rate 
which jas been reported in adult dogs3. The 
protec ive effects of lidocaine may be related to a 
decrease in cerebral metabolic rate or the 
membrane-stabilizing effect of Lidocaine. Further 
experinents are needed to determine the mechanism of 
actions Clinically, if the observed protective 
effects of lidocaine against acute asphyxia can æ 
confirned in human neonates, lidocaine may be 
consid2red the anesthetic agent of choice for mothers 
with compromised infants. 
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metabclism and circulation related to the electro- 
enceplalogram. Anesthesiology 1974;40:433-441. 


CBF (m1/100g/min) 


Untreated Lidocaine- 
lambs treated lamts 

Before asphyxia 
Decreased MAP 60 + 3 63 + 4 
Restirgy MAP 63 + 3 66 + 4 
Elevated MAP 63 + 3 66 + 4 
During asphyxia 
Restiry MAP 206 + 8** 138 + 17** 
30_mirj after asphyxia 
Decressed MAP 53 + 3# 53 4 2 
Restirg MAP 6l + 5 53. t 2 
Elevated MAP 73 + 6# 53 + 2 
90 mir after asphyxia 
Decreased MAP 51 F 3 47 + 1 
Restirg MAP 52- -t q2% 49a 1% 
Elevated MAP 58 + 3# 49 + 1 


*P < cos; **P < 0.01 compared to CBF at resting 
MAP before asphyxia 

#P < C05; ##P < 0.01 compared to CBF at resting 
MAP at the same time period 
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INTRODUCTION: In anesthetized patients fiberoptic 
orotracheal intubation (FOL) often is difficult be- 
cause relaxation of the oropharyngeal tissues and 
tongue leave little air space at the oropharynx for 
maneuvering the distal end of the fiberscope and to 
keep the tip of the fiberscope away from the tissues. 
To overcome this problem a new intubating airway was 
designed and tried in both awake and anesthetized 
patients. 


DESCRIPTION OF THE AIRWAY: The fiberoptic intubating 
airway is designed to accomodate an endotracheal tube 
while being directed to the trachea with the help of 
a fiberscope. The airway has a flat lingual surface 
on the proximal half which minimizes movement of the 
airway. The distal portion of the airway curves ab- 
out 90% away from its proximal end and tapers towards 
its distal edge. The wide distal portion of the air- 
way prevents the tongue and soft tissues of the ante- 
rior pharyngeal wall from falling back and obstruct- 
ing the view of the epiglottis and larynx. The airway 
has a tubular passageway on its proximal portion to 
permit passage of a tracheal tube. This tubular sec- 
tion is capable of being opened at the top, permitt- 
ing the airway to be removed from the patient's mouth 
(Fig.l). 


MATERIALS AND METHODS: After approval by Institution- 
al Review Board, patients scheduled for surgical pro- 
cedures under endotracheal general anesthesia were 
included in this study. During the preoperative visit 
the details of the procedure was explained and con~ 
sent was obtained from each patient. A total of 34 
intubations were performed in 32 men and 2 women. 
Ninteen intubations were performed in anesthetized 
and paralyzed patients and 15 in awake and sedated 
patients. For awake FOI, sedation is achieved by in- 
travenous titration of diazepam and fentanyl. After 
application of topical anesthesia to the oropharynx, 
fiberoptic intubating airway is placed in the mouth. 
The lubricated tracheal tube is placed inside the 
airway intubator, and fiberscope is passed through 
tracheal tube into the oropharynx for glottis expo- 
sure. Topical anesthesia of larynx and trachea is 
achieved either by spraying of local anesthesia 
through channel of fiberscope or by translaryngeal 
injection of 3 ml of 4zxylocaine. After vocal cords 
exposure, the fiberscope is u.vanced into the tra- 
chea. The tracheal tube is then threaded over the 
fiberscope and through the airway into the trachea. 
For intubation in anesthetized patients, after gen- 
eral anesthesia and muscle relaxation is established, 
the mask is removed and intubating airway is placed 
inside the mouth. The oropharynx is suctioned and 
mask ventilation is resumed and continued for 30-60 
seconds. The mask is then removed, fiberscope fitted 
with tracheal tube is inserted through the airway 


and the vocal cords into the mid trachea. The tra- 
cheal tube is then threaded over the fiberscope 
through the airway and into the trachea. 


. RESULTS: The airway was tolerated well by all 15 


awake patients. Visualization of vocal cords was con- 
sidered easy in 12 and moderately difficult in 3 ca- 
ses. Intubation was successful on first attempt in 

14 patients, and on second attempt in one. In 5 cases 
advancement of tube was encountered with resistance, 
which was overcome vy pulling the tube back and read- 
vancing by giving 90°-180° rotations to the endotrar 
cheal tube. Average intubation time was 1.3 min. 
(range 0.3-6 mins.). In 18 anesthetized patients in- 
tubation was achieved on the first attempt, in one on 
the second attempt. Visualization of the vocal cord 
was considered easy in all 19 cases. In 17 occassions 
the tracheal tube entered the trachea smoothly on the 
first try. On 2 occasions it met resistance which was 
overcome by method stated above. Average Intubation 
time was 20 seconds (range 15-25 sec.). There was no 
trauma to upper airway soft tissues. 


DISCUSSION: The fiberoptic intubating airway provides 
the conditions for safe and easy FOI in both awake 
and anesthetized patients. Because of the shape of 
the airway and because the tongue is retracted anter- 
iorly, adequate open space is provide for easy mani- 
pulation of the fiberscope and for easy exposure of 
the epiglottis and the vocal cords. Patients toler- 
ance and acceptance of awake FOI by this approach is 
extremely good and the cardiovascular response to 
laryngoscopy and tracheal intubation is minimal. It 
isconcluded that the new intubating airway facilitat- 
es the FOI in both awake and anesthetized patients. 





Figure l 
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Introduction. The efficacy of epidural opi- 
ates for the relief of pain following Cesarean 
section is well established. Five milligrams of 
epidural morphine provides good to excellent 
analgesia for a duration of 24 to 36 hoursl. 
Morphine, a pure opioid agonist, primarily acti- 
vates mu receptors which mediate not only effec- 
tive analgesia but also undesirable side effects 
such as respiratory depression, pruritis, urinary 
retention and sedation. In addition, respiratory 
depression secondary to rostral spread of the 
poorly lipid soluble morphine requires prolonged 
monizoring of cardiovascular and respiratory 
parameters. Butorphanol, a more lipid soluble 
agonist antagonist, has been shown to provide 
1apid analgesia following Cesarean section when 
administered epidurally, with minimal side 
effects’, 

To confirm the efficacy of epidural butor- 
phanol versus morphine for pain relief following 
Cesarean section, we conducted a double blind 
randomized dose response study of three doses of 
1, 2, or 4 milligrams of butorphanol and 1 dose 
of 5 milligrams of morphine. 

Methods. Following approval from the com- 
mittee on human research and obtaining a written 
informed consent, 92 ASA class I-II patients who 
had selected epidural anesthesia for Cesarean 
section were evaluated. T4 levels of anesthesia 
were established by 2% lidocaine with 1:200,000 
epinephrine. With the onset of postoperative 
pain, patients were randomly assigned to receive 
a single epidural dose of either 1, 2, or 4 
milligrams of butorphanol or 5 milligrams of 
morphine diluted in normal saline to a total 
volume of 10cc. Pain intensity and pain relief 
were evaluated using a 10cm visuolinear scale at 
specified intervals. Vital signs and the in- 
cidence of side effects were also recorded. 
Statistical analysis of data was by analysis of 
variance with Duncan's Multiple Range Test. 
P<0.05 was considered significant. 

Results. The characteristics of the four 
groups were not statistically different in terms 
of age, height, weight, or primary section versus 
repeat section. Initial pain intensities were 
not statistically different in the 4 groups 
with a mean pain intensity score of 6.4. The 3 
groups of butorphanol provided rapid and excel- 
Tent pain relief within 15 minutes as compared to 
morphine which is associated with a statistically 
significant mean onset time of 30 minutes. The 3 
groups of butorphanol continued to provide excel- 
lent analgesia throughout the initial 1 hour. 
During the second and third hour, there was no 
Significant difference among the four groups. 
Morphine did not begin to provide significantly 
greater pain relief until 4 hours. Four milli- 
grams of butorphanol was associated with the 
longest mean duration of action of 5.3 hours 
among the 3 groups of butorphanol. Although 
morphine was associated with a significant dura- 
tion of action of 15.8 hours, the 4 milligram 
butorphanol group received the highest patient 
global assessment rating of 3.6. Cardiovascular 





cine, Houston, Texas 77030 


Cc 
and L Stability were maintained in all 
4 iT Pruritis was the only adverse side ef- 
fect, sith a 40% incidence in the morphine group 
versus 4% in the butorphanol group. (Table 1) 

Csscussion. Epidural butorphanol provided 
effective analgesia within 15 minutes for a mean 
duratt&n of 4.6 hours without a significant in- 
ciden of side effects. Four milligrams of 
butorfwanol provided effective analgesia for a 
mean curation of 5.3 hours. In eight patients 4 
milligc-ams butorphanol provided analgesia for up 
to 6 -|20 hours. Four milligrams of butorphanol 
receiv=d the highest score in terms of patient 
global assessment despite the prolonged duration 
of action in the morphine group. Epidural 
butorfwmnol appears to be an efficacious alter- 
native | to morphine for analgesia following 
Cesar section, 

Ræ erences. 
1; Katelko DM, et al. Epidural morphine 

«gesia after cesarean section delivery. 

Sane Gynecol 1984;63:409. 
Nauity SJ, et al. Epidural butorphanol for 
aaiigesia following cesarean delivery 
(asstract). SOAP 1984;27, 
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Introduction Epidural anesthesia with its slower and 
more predictable onset of action has become increasingly 
preferred over sub-arachnoid blocks for caesarean 
sections. A major disadvantage of spinal anesthesia is a 
marked fall in cardiac output and blood pressure (BP) 
resulting from rapid onset of high sympathetic block. 

The onset and adequacy of epidural anesthesia have 
been shown to be significantly improved by use of th 
carbonated salts of lidocaine and epinephrine (E), |» 
secondary to the higher pH of the carbonated solutions 
requiring less buffering, and facilitating liberation of free 
base which diffuses rapidly into the nerve fibers. This 
study was undertaken to determine whether carbonated 
lidocaine +E with its shortened latency period also has a 
more pronounced effect on BP as compared to the non- 
carbonated (hydrochloride) salts. 

Methods Twenty-one ASA LI ful term gravida patients 
undergoing elective C-section were studied using a 
randomized double-blind design. The protocol was 
approved by the Institutional Review Board for Human 
Research. All patients were hydrated with 1.5-2.0 liters 
of Ringers lactate. An epidural catheter was placed in 
the sitting position after tne injection of 18 ec of local 
anesthetic. The patient was placed supine with a wedge 
under the right hip to achieve left uterine displacement. 
Local anesthetic was given, if necessary, to obtain a Ty 
level, One group (n=11) received 2% lidocaine with 
epinephrine 1:200,000 and the other group (n=10) received 
the same but with 1 meq of NaHCO, per 10 ce of local 
anesthetic added just prior to injection. Blood pressure 
was then measured every minute for twenty minutes. 
Patients were treated for hypotension with ephedrine at 
the discretion of the anesthetist. BP differences between 
groups were tested for statistical significance (P<.05) by 
use of the t-test. 

Results BP data from the patients in this study are 
tabulated below: 

BASELINE LOWEST MAXIMUM RATE OF 


VALUE VALUE DECREASE DECREASE 
f G Z 

SYST, BP 

HCOz 137 + 4 94 + 5* 32 + 3° 9l” 
CONTROL 137 + 4 lil +4 19 + 3 3+] 
DIAST, BP 

HCOz 77 «1 46 + 4 39 +6 9:3 
CONTROL 75 +3 5123 31 +5 4+] 


*P<,05 VS CONTROL 


The HC 03 and control groups of patients did not differ in 
baseline “values for either systolic or diastolic BP. 
Furthermore, both groups showed significant maximum 
declines from both systolic and diastolic BP baselines 
whether expressed in absolute value or asa % of baseline 
value. Whereas decreases in diastolic BP were not 


different between HCO, and control groups, HCO.- 
treated patients showed “maximum decreases in systolic 
BP which were larger and more rapid than those in 
control patients. 

Differences in systolic BP changes between HCO 3 
and control groups are detailed further in the figure: 
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When systolic BP values are plotted at 2-min intervals 
after anesthetic administration, the more rapid decline to 
lower values in HCO 3-treated patients is readily seen. 
Differences in systolic BP are significant at 2,4 and 6 min 
but not thereafter, due to a continuing BP decline in the 
control group and also to a rise in the HCO, group. Six 
of 10 HCO, patients received ephedrine at’ an average 
total dose öf 21 mg (upper limit 55 mg), whereas 3 of 11 
controls received an average total dose of 12 mg 
ephedrine (upper limit 20 mg). 
Discussion Despite the preliminary nature of this study's 
findings, significantly greater magnitudes and rates of 
decline in systolic BP were seen with carbonated 
lidocaine +E as compared to the hydrochloride salt. This 
difference persisted at 2, 4, and 6 minutes despite the 
more extensive use of ephedrine in the carbonated 
group. Differences beyond 6 minutes were not 
significantly different, perhaps in part due to continued 
aggressive treatment with ephedrine and volume in the 
HCO. group. This difference is consistent with the 
findirig that onset and adequacy of anesthesia arg 
significantly improved with carbonated lidocaine ° 
Hypotension in C-section has been associated with 
maternal nausea, and in view of the adverse effects of 
hypotension on utero-placental blood flow, we suggest 
caution in the use of the carbonated solution. This is 
especially so in pre-eclamptic or eclamptic patients 
whose volume-contracted state predisposes them to 
dramatic hypotension following the sympathectomy of 
epidural or spinal anesthesia. 
References 
ds Bromage PR, et al: Quality of epidural blockade. 
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lidocaine solutions for epidural anesthesia. Anesth 
Analg 1986;65:760-4. 
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Introduction. Metoclopramide is frequently used by 


some anesthesiologists as a standard premedicant not 
only for patients undergoing emergency surgery but 
for patients having elective outpatient surgery. As 
a gastro-Kinetic agent, metoclopramide stimulates 
the upper gastro~-intestinal tract without 
stimulating gastric secretions, relaxes the pyloric 
spincter and also the duodena_ bulb. The net effect 
of these actions is to decrease gastric emptying 
time and to hasten peristalasis. Further, metoclo- 
pramide may produce in some patients extrapyramidal 
symptoms including oculogyric crisis, protrusion of 
the tongue, torticollis, trismus and dystonic 
reactions!. The effect of metoclopramide on the 
smooth muscles of the eye and consequently on 
intraocular pressure (IOP) have not been reported. 


The purpose of this study is to examine the effect 
of metoclopramide on IOP perioperatively. 
Methods. This study was approved by our 


institutional review board and informed consent was 
obtained from all patients. The patients studied 
were divided into two groups». Group I patients 
served as controls and IOP measurements were made 
prior to induction, half a minute after sodium 
pentothal administration, half minute, one minute, 
three minutes and five minutes after succinylcholine 
administration. For Group II (the test group) 
patients, metoclopramide 10 mg IV was administered 
30 minutes prior to induction of anesthesia. IOP 
measurements were made immediately before and 1, 3, 
5, 15 and 30 minutes following metoclopramide 
administration. Thereafter, IOP was measured 
following sodium thiopental and  succinylcholine 
administration as described above for the Group I 
patients. IOP measurements were made using "Jewel" 
Model Sklar-Schiotz tonometer and topical anesthesia 
was achieved prior to IOP measurements with two 
drops of 0.5% alcaine (proparacaine hydrochloride) 
ophthalmic anesthetic. 


Results. Fig. 1 shows the means of the intraocular 
pressure readings of the control and metoclopramide 
patients. Standard deviations of the metoclopramide 
patients were also shown in the test group. A 
noticeable rise in IOP is shown within 5 min. of 
metoclopramide administration. An additional rise is 
evident within 3 min. of succinylcholine 
administration in the same group of patients and 
this was greater than the rise observed in the 
control corresponding patients. These results are 
not statistically significant (Student's t-test) 
because of the small number of cases used. However, 
the results were highly clinically significant. 


Discussion. Knowledge of the effect of anesthetic 
drugs on IOP is important especially in patients 
with perforated eye injuries. Metoclopramide by 
virtue of its effect on the gastrointestinal tract 
and, in particular, on the stomach has been used as 


f the anesthetic regimen for prophylaxis 
AA t pulmonary aspiration in the patient with a 
full ştomach. However, its effect on IOP is rot 
known e 
study we have demonstrated that 
metoc a does cause some significant initial 


incre pe in IOP. The initial elevation usually 
retur to normal or just above normal IOP levels 
mithi] 30 minutes. This increase along with tke 


sihir @ in IOP caused by succinylcholine, could 
prođu serious effects on the "open" eye 
resulting in extrusion of the vitreous contents 
and ssibly blindness. Several studies? have 
shown |that pentothal causes a decrease in IOP cn 
inductiion of anesthesia. This was confirmed in ctr 
study Lt the control group of patients (Group I). 


This cepressant effect of pentothal was slightly 
attencated by metoclopramide (Group II) and in 
some tients, there appeared to be a slight 
elevation of IOP. Further, the anticipated 
increase in IOP in patients receiving 
succirylcholine was augmented in patients who 
received metoclopramide. Consequently, although 
the samples were small, our study demonstrated 
that |metoclopramide raises IOP and has a 


the efifact on IOP is concerned. Further studies 


che efect effect with succinylcholine as far as 
are reəded before it can be that 


concluded 





netoc] ppramide is relatively contraindicated in 
patients with perforated eye injuries. 
Figure 1; Effect of Motoclopramide on J.0.P. 
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Introduction. Anesthesia in patients with system.c 
mastocytosis (SM) is characterized by peri-operati-e 
complications which may culminate in cardiovascul_r 
collapse and death./ In order to minimize these 
problems, intradermal skin tests were utilized fur 
their qualitative and quantitative prognostic valus. 
The value of this information pre-operatively s 
useful in planning which agents may be relativel~2 
and absolutely contraindicated for a given patien-. 
Skin tests also appear to correlate with the oth-r 
biochemical indications of M. 


Methods. Forty-two patients with SM were seen -t 
our institution for a variety of  surgic_l 
procedures, ranging fran renal artery bypass graét 
to dental extraction. Wherever possible region—l 
anesthesia was utilized. The group to whom region_1l 
anesthesia was administered received intradermuil 
skin tests with a local anesthetic (always -n 
amide~linied agent) and also a muscle relaxant, an 
analgesic agent and an anticholinergic agent |n 
order to have available tested agents for 
endotracheal intubation (if necessary), to contr :l 
pain post-operatively and to treat bradycardia. Tae 
group to whom general anesthesia was administer=-d 
received intradermal skin tests with the musc_e 
relaxant, analgesic agent and an anticholinerg_c 
agent. In both groups of patients, preservativ2- 
free normal saline was used as a control for tae 
other agents being tested. Informed consent ws 
obtained from all the patients having tue 
intradermal tests. 

The skin tests were performed on the volor 
surface of the patient's forearm with 0.1 ml of tae 
agent being tested and the area over the intraderml1 
skin puncture was lettered and circled with a skin 
marking pencil. A test was interpreted as positire 
when the erythematous and indurated wheal developed 
with a diameter in excess of one (1) centimete-. 
Prior to the administration of the tesz, 
resuscitative equipment and drugs including 
epinephrine infusion were prepared and available far 
managing any untoward reactions resulting from tae 
skin tests. 


Results. Figure 1 shows that approximate_y 
one-third of all the patients with SM developed 
positive reactions after intradermal skin testing. 
This was not only true of the regional and general 
anesthesia groups, but the entire group of patiens 
as a whole. Nine of the 15 patients who develord 
positive tests demonstrated elevated urinacy 
metabolites of prostaglandin-Dy and 6 of the 15 
paients who developed complications, demonstrated 
positive responses to intradermal skin tests. 


Vanderbilt University Medical Center, Nashville, TN 37232 


Discussion. Though relatively rare, SM a clinical 


syndrome which can produce serious morbidity and 
if untreated, mortality when exacerbation occurs 
under anesthesia. The use of intradermal skin 
tests appears to have significant prognostic value 
in identifying those patients susceptible to 
developing the complications of SM. A 
quantitative estimate of risk can also be crudely 
determined and this appears to correlate 
satisfactorily with the biochemical tests that are 
diagnostic of SM. 
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Introduction. Patients undergoing liver transplan- 
tation provide a challenge for the anesthesiologist 
in terms of length of procedure, hemostasis, 
metabolic abnormalities and hemodynamic instability. 
Measurements were made to illustrate the multiple 
physiologic changes encountered. 

Methods. A retrospective analysis of data acquired 
from 28 consecutive patientswith end stage liver 
disease included arterial, pulmonary artery, and 
central venous pressures; continuous core tempera- 
ture; thermodilution cardiac outputs; O92 consumption 
and CO> production from the mass spectrometer; 
arterial blood gases, colloid oncotic pressure, 
serum osmolarity and electrolytes (Na+, K+, Ca++ and 
glucose). Systemic and pulmonary vascular resist- 
ances were computed. Urine output was recorded 
every half hour. Coagulation studies and the 
thrombelastograph (TEG) were used to monitor 
hemostasis. 

Results. The data that follows were obtained from 
measurements relatively free of pharmacologic 
influence and are expressed as mean changes + 1 S.D. 


Preanhepatic hemodynamics revealed an elevated cardi- 


ac index (4.4L/M2 + 1.2, n=28), a decreased SVR 
(752.1 dyne sec/om5 + 290.5, n=28) and a decreased 
PVR (93.6 dyne sec/cem5 + 27.3, n=26). The anhepatic 
phase was associated with transient decreases in 
core temperature (3.7<C + 1.1, n=16) and heart rate 
(16.7% + 5.6, n=16) upon “initiation of veno-venous 
bypass with room temperature prime. Oxygen consump- 
tion decreased (23.7% + 6.2, n=18) following removal 
of the recipient organ from the circulation. Mea- 
surements made during the late anhepatic phase 
showed a decrease in CO (38.3% + 12.8, n=22) and 
concomitant increases in SVR (71.6% + 49.6, n=22) 
anc PVR (44.0% +19.8, n=21). Urine output fell 
(84.5ml/hr + 109.2, n=15) during the anhepatic phase. 
Following cold saline flush of the donor organ, re- 
establishment of blood flow resulted in transient 
decreases in temperature (2.0<C + 1.0, n=16), heart 
rate (20.1% + 12.4, n=11) and mean arterial pressure 
(23.2% + 11. 0, n= 11). Cardiac outputs, obtained as 
socn as a stable baseline permitted following reper- 
fusion of the donor organ (within 2 minutes), were 
consistently increased (92.0% + 40.1, n=11), while 
decreases were calculated in SVR (54.6% + 13.6, 

n=11) and PVR (43.0% + 16.3, n=11). Ten minutes 
following unclamping, “whole tlood determinations 
increased for K+ (0.85 mEq/L - 0.5, n=22), PaCOo 
(6.5 mmHg + 3.9, n=22), base deficit (3.2mEq/L + 
2.4, n=22) and glucose (152.2ng/dl + 62.5, n= 24): 
while pH decreased (0.09 + 0.05), n=22). PaOz, Na+ 
and ionized calcium showed no significant changes. 
Colloid oneotic pressure decreased (1.93mmHg + 1.5, 
n=21) as did hemoglobin (0.77mg/dl + 0.62, n= 21, 
while serum osmolarity increased (8.71m0sm + 12.0, 
n=21). Urine output fell further during the first 
half hour following unclamping (37.3ml/hr + 34.5, 
n=15), but inereased during the second half hour 
(46.7ml/hr + 47.5, n=15) and usually increased 
further thereafter. TEGs obtained post unclamping 
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al rated prolonged reaction time, decreased 
ere amplitude and decreased clot growth angle. 


Mean | pressure increased (41.5% + 17.8, n=11), 
reach 1g a peak after approximately 15 minutes. 
Durinz|the postanhepatiec phase, oxygen consumption 
and C3 ee were increased to control levels 
or ab: Core temperature decreased during the 
preana antic phase (0.27<C/hr + 0.18, n= 16), with a 
step alor eade (0.46<C + 0.14, n=16) at the start of 


bypas«{/and a further decrease (0.85<C/hr + 0.33, 

n= ee uring bypass. Reperfusion of the donor organ 

d in another step decrease (0.59<C + 0.24, 

n core temperature followed by gradual 

ng (0.38<C/hr + 0.15, n= 16) for the remainder 

of th=| procedure. Three patients exhibited profound 

rdia and hypotension which required 

ive therapy following re-establishment of 

bloo Plow to the donor organ. These data were 
istent but extreme and therefore not included 





above, | 

Disc ion. The elevated preanhepatic cardiac irdex 
and Loyered vascular resistance has been suggested 
tor lt from peripheral A-V shunts associated with 
isease. During the anhepatic phase the 
return is decreased even with veno-venous 

, resulting in a decreased cardiac output and 
nsatory increase in SVR. Decrease in heert 
sociated with restablishment of blood flaw to 
or organ can be attributed in part to the 


















effe of rapid temperature change upon the sino- 
atri node as the cold hepatic effluent enters the 
cire tion. However, comparison of the temperature 


upon initiation of veno-venous bypass with 
perature change at revascularization, sug- 
geste |that potassium and possibly other substances 
releced from the hepatic effluent potentiate the 
slow=rg of heart rate, occasionally causing profound 
brad=cardia and hypotension. The three patients who 
“ted profound bradycardia and hypotension were 
ed by a combination of high hepatic blood 

as determined from pulmonary artery tempera- 
urves) and elevated potassium from a cold 
which probably created a bolus effect of 
plegia-like solution. As indicated by the 

s in colloid onecotic pressure and serum osmo- 
, the hepatic effluent created a hypertoni= 
lution following unclamping. The marked fall 
resulted from opening the new hepatic cirsu- 
and possibly hyperkalemia in conjunction 
with ther vasoactive substances. The elevated PA 
pres: {ires may have resulted from increased cardiac 
outp 1 as the PVR was gradually increased due to the 
diss jation of the vasodilatory effect. The near 
doub ing of cardiac output, which is at variance 
with Mertin et alely but showing similar trends to 
the -ita of Carmichael et al. (without veno-venous 
bypa .}), can be explained by an increased preload 
and flex mechanisms. 

Refe -3nces: 


flow ' 


1. M_itin DJ et al. Anes Analg 63:246A, 1984. 


2. C_*michael FJ et al. Anes Analg 64:108-16, 1985. 
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Introduction. Whether or not use of 
pulmonary artery (PA) catheters actually results 
in decreased morbidity/mortality, in any group of 
patients is controversial, as are their "cost/ 
benefit" ratios. The addition of fiberoptic 
infrared mixed venous 0, saturation  (Sv0,) 
monitoring to PA catheters has been contended to 
reduce the need for routine measurements of 
cardiac output and blood gases if SvO. remains 
unchanged, thus reducing cost.” We studied the 
following questions in adults undergoing cardiac 
surgery: a} does a PA catheter of any type result 
in lowered mortality, morbidity, or cost compared 
to use of a CVP? b) does SvO. monitoring reduce 
morbidity, mortality, or cost below that incurred 
with use of a standard PA catheter? 


Methods. This study was approved by our 
Human Studies Review Committee, One hundred fifty 
adults undergoing cardiac surgery were 
prospectively randomized to receive either a 
central venous catheter (Group I), pulmonary 
artery catheter (Group II), or a fiberoptic Sv0, 
measuring pulmonary artery catheter (Group III). 
As a specific part of the protocol, if, in the 
medical judgment of the attending physicians, a 
patient first randomized to Group I should receive 
a PA catheter; that patient was then re-randomized 
to either Group II or Group III. All patients had 
left atrial catheters inserted intraoperatively. 
All patients had the following data collected 
during their SICU stay: numbers of cardiac 
outputs, arterial blood gases, hemoglobin/ 
hematocrit determinations, total SICU Stay, and 
hours of vasopressor and vasodilator therapy. 
Costs to patients of all determinations were 
tabulated. Prior to the study nursing and 
housestaff received specific training in Sv0. 
monitoring, but were unaware that the nature and 
purpose of the study was a cost/benefit analysis. 
Data was analyzed with ANOVA and appropriate 
additional tests. P<.05 was considered 
Significant. 


Results. Demographic data are presented in 
Table 1. Of the 64 patients initially randomized 
to Group I (CVP), 40 were re~randomized between 
Groups II (n=26) and III (n=14). The patients who 
remained in Group I had a higher percentage of 
CABG performed. Betweer Groups II and III there 
were no significant differences in indices of 
severity of illness or types of surgery. Table 2 
presents ICU stay and vasoactive drug 
requirements, and Table 3 presents total costs for 
lab, hemodynamic determination, and the catheters 
themselves. Total average costs were: Group I 
$551.53+14.77; Group II $930.55+47; Group III 
$1,277.57+151, each significantly different. 
Cardiac outputs were not possible in Group I, but 
there were actually more cardiac outputs performed 
in Group III (n=5.75), than in Group II (n=3.07) 
despite the SvO, monitoring. Arterial blood gas 
costs were: Group I $193.38+23.04, Group II 
$258.61+20.26, and Group III $294,.82+53.27 (NS). 
There was no detectable catheter-related morbidity 
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in any patient. SICU stay was 1.35+.73, 1.87+.22, 
3.18+.87 in Groups I, II, and III, respectively 
(NS). No other specific morbidity differences 
between groups were found. Deaths were 0, 1, 1 in 
Groups I, II, III, respectively (NS). 


Discussion. The fact that 40 patients 
initially randomized to the CVP group were 
re-randomized between the two PA groups, at 
attending physician medical discretion, indicates 
that severity of illness was less in Group I (and 
greater in Groups II, III). Group I patients 
incurred almost half the cost with no added 
morbidity or mortality. Severity of illness was 
probably equal between Groups II and III. The 
hypothesis that SvO, monitoring might eliminate 
need (and cost) for some ABG's and CO's was not 
found true in our study. Indeed, we found no 
morbidity or mortality related rationale for 
justifying the 27% extra average cost of Sv0, 
monitoring. 


Conclusion. a) Patients who have good 
cardiac function could safely undergo cardiac 
surgery with CVP monitoring at less cost; b) 
patients who appear to require PA catheter 
monitoring were not benefited in mortality, 
morbidity, or cost by addition of SvO, monitoring. 


Reference. 1. Norfleet EA, Watson CB, 
"Continuous mixed venous oxygen saturation 
measurement: A significant advance in hemodynamic 
monitoring?" J. Clin. Monitoring 1:245-258, 1985. 


Table 1. Patient characteristics. 
Group Number of CABG Valve CABG+Valve 
Patients 
I 24 22 0 2 
(91.72%) (8.3%) 
II 77 52 15 10 
(67.5%) (19.52) (13%) 
III 47 33 7 7 
(70.2%) (14.9%) (14.92) 
P <0.05 NS NS 


Tee, 


Table 2. Length of stay and vasoactive drug 
requirements (Mean + S.E.M.). 


a i 


Group Stay Dilators Pressors 
(Days) (Hours) (Hours) 
I 1.354+0.73 6.29+1.15  1.6340.99 
II 1.87+0.23 15.41+4.12 14.43+1.62 
III 3.18+0.87 19.71+6.63 13.65+6.00 
P NS NS NS 


Table 3. Mean costs (Mean + S.E.H.). 


Group ABG C.O. Total Hb/HCT 
Costs Costs Costs 


I $193.38423.04 = = 9 ------ $ 551.53414.77 $25.67+3.1 
II $258.61+20.26 $230.39+ 31.29 $ 930.554+47.38 $32.324+1.92 
III = $294.82+53.27 $430.71+121.51 $1,277.274+151.35  $41.29+6.8 


P NS 0.05 0.02 NS 
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Introduction. Arterial blocd gas (ABG) analysis sas eo ee E A R 

for carbon dioxide partial pressure (PaC02) is the bane. ae ECE Decco monitorin A 

traditional method of documerting the adequacy of al Mee Mae 6 i 8 
also j|limited to some extent by the practical 


ventilation in the operating room. Disadvantages 
of ABG sampling include its intermittent nature, 
high cost, and the risk of complications. End- 
tidal PCO2 (PetC02) and transcutaneous PCO2 


ity of intubation. Unlike PetC02, PtcC02 can 
lowed prior to and after intubation. Disad- 
es of PtcCO2 monitoring include the necessity 


neces 
be fe 


(PtcC02) have been shown to correlate with Pac02. ae Sree aA Ras Re ees ca 
Both PetC02 and PtcC02 values can be obtained non- pa g por Ap & 2 
invasively and O RE and oaee eae skin |burn. No patients received burns in this 
atractive Al eernat vee to ABG ER TIP The stud- Our data show that both PtcC02 and PetC02 
purpose of this study is to compare a and are t Josely correlated to PaC0Q2. The larger bias 
PtcCO2 as monitors of PaCO2 in the anesthetic FOr an0 = Fereo2 compared EO ae DEEGU oe 
management of adult patients. resu_ of physiologic dead space, and therefore 
Materials and Methods. This study was conducted on goer pee. mean “Ehat Berco? CORTE LARES TPS -UIEN 
PaCOz However, the larger precision for PacC02 


adult patients under general anesthesia for 


i ; versrs PetC02 does indicate that PtcC02 fol ows 
surgery. Human Subjects Review Board approval was 


obtained for the study. PetCQ2 values were ob- Pee e | Mere erone ly oem cena eee Pipa 
R . PtcCr has a smaller 95% confidence interval for 
tained with a Hewlett Packard model 47210A , f . ee 
pred-ating PaC02, and a linear regression Line 
capnometer. PtcCQ2 values were measured by a , A E E the: Ine oi 
Novemetrix Model 850 monitcr. The sensor was PP AD y 


heated to 44°C and calibrated with a two point dry 
gas calibration method, using 5 and 10 percent C02 
as recommended by Monaco et al.(l). The sensor was 
allewed to warm up on the skin for ten minutes 


onaco F, McQuitty JC, and Nickerson BG. 
ikgation of a heated transcutaneous carbon 
electrode to reflect arterial carbon 


before data were collected. _The arterial blood Am Rev Respir Dis 127:322-324, 1983 
samples were analyzed for biood gases with an ave 
Instrumentation Laboratories IL813. The Pac02 90 


valves were not corrected for patient temperature. 
PaC2 values were plotted versus both PtcC02 and 
PetCQ2. The data were analyzed by linear regres- 
sior and calculation of the correlation coefficient 
(r). The accuracy of prediction of Pac02 was 
assessed by calculating the standard error of the 
estimate (SEE), and the 95Z confidence limits. The 
mean and standard deviation of the differences 
(PaCO2 - PtcCO2 and PaCO2 ~- PetC02) were also cal- 
culated. The mean of the differences is a measure 
of the bias and the standard deviation of the 
differences is a measure of the precision. 

Results. 246 data sets were collected from 24 
patients, 9.8 + 3.6 (mean t SD) data sets per 
patient. 208 of these sets included PetC02 values. 
The 38 sets without PetC02 values were collected 
either before endotracheal intubation or after 
extubation. The mean + SD of data collected are: 
patient's age = 46+ 17 years, patient's weight = 
77 + 27 kg, Pac02 39.1 + 8.7 mmHg, PtcCO2 = 37.5 
+ 7.7 mmHg, PetC02 30.0 + 6.6 mmHg, MAP = 82 + 17 
mmHg, H.R. = 89 + 22 beats/min, temp. = 35.5 + 1.3° 
C, R.R. = 12 + 5 breaths/min. Linear regression 
analysis produced the following: PaCO2 = 0.86 
PetCO2 + 12.2, r= 0.68 (P< 0.001), SEE = 6.2; 
PaC02 = 1.00 PtcCQ02 + 1.78, r = 0.87 (P < 0.001), 
SEE = 4.3. The bias and precision for the Pac02 - 
PetCO2 difference are 8.0 and 6.2 mmHg; for the 
PaCC2 ~ PtcC02 difference, they are 1.6 and 4.3 
mmHg. 

Discussion. PetC02 monitoring is valuable because 
it reflects instantaneously the mixed alveolar PCQ2 
from each breath. PetC02 is sensitive to changes in 
physiologic dead space and therefore is helpful in 
detecting esophageal intubation and pulmonary 


10 at P.CO; » 1.00 P,CO, + 1.78 
j rf a 0.87, P < 0.001 
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P,CO, a 086 P,.COy + 12.2 
r = 0.68, p< 0.007 
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Introduction. The use of epidural narcotics 
in labor has been disappointing because of failure 
to adequately relieve pain. However, fentanyl and 
bupivicaine combined are more effective than 
either drug along in providing analgesia in labor 
(1). Sufentanil which has a higher affinity for 
the opiate receptor than does fentanyl] may be the 
opioid of choice for epidural analgesia as it has 
a longer duration of action (2,3). A double blind 
study was done to examine the analgesic effect of 
three differences doses of sufentanil added to 
epidural bupivicaine. 


Methods. Approval by the Institutional 
Review Board for Human Investigation, and informed 
consent from the patients were obtained. Forty 
women in labor (34 primips, 6 multips) with 
uncomplicated pregnancies, and a singleton fetus 
were studied. All patients had a lumbar epidural 
catheter placed at L 2-3 or L 3-4 interspaces, and 
received a test dose of 3 ml's of 1.5% lidocaine 
thru the catheter. This was followed by 7 mi's of 
0.25% bupivicaine, and 1 ml of solution from a 
coded ampule. The content of the ampule was as 
follows: Group 1, saline; Group 2, 10 ug of 
sufentanil; Group 3, 20 ug of sufentanil; Group 4, 
30 ug of sufentanil. All subsequent dosing of the 
patients was with 0.25% bupivicaine. Visual 
analog pain intensity scores were recorded prior 
to epidural placement and at 10 and 30 minutes 
post-epidural injection. Time to first painless 
contraction (onset time) and time to epidural 
top-up (duration) were recorded. Apgar scores 
were assessed at 1 and 5 minutes post-delivery. 
Comparison was made between the 4 groups by 
analysis of variance. 


Results. Patients in the four groups were 
comparable in age, parity, height, weight and 
baseline pain intensity scores. At 10 minutes 
pain relief was significantly greater in Group 4 
(P<0.01), than in the control group (see Table 1). 
By 30 minutes all patients had adequate analgesia 
and there was no difference in pain scores between 
the groups. Time to first painfree contraction 
(onset time) was not significantly different 
between the groups. There was 4 dose-related 
increase in duration of analgesia compared to 
control, which just failed to achieve significance 
for Group 2 (0.1>P>0.05), but was significant for 
Groups 3 and 4 (P<0.01). Side effects were 
minimal. One patient in Group | hada short 
period of hypotension which responded to fluid 
therapy. One patienz in Group 2 and one in Group 
4 complained of transient pruritis, which did not 
require treatment. retal outcomes were uniformly 
good. There was no significant difference in 
Apgar scores between the four groups at either 1l 
or 5 minutes. 


Discussion. This study clearly demonstrates 
that combining sufentanil with bupivicaine 
provides more prolonged analgesia than does 
bupivicaine alone when administered epidurally for 
analgesia during labor. This benefit is achieved 
with little cost in terms of additional side 
effects. 20 ug apparently is the optimum dosage 
of sufentanil as no significant increase in 
duration results when the dose is increased to 30 
ug. There is, however, more rapid onset of 
analgesia at the higher dose which may be 
desirable in certain cases. Advantages of the 
combination include less frequent top-ups; 
reduction in total dose of local anesthetic; less 
risk of hypotension and minimal motor blockade. 


References. 
1. Youngstrom P, Eastwood D, Patel H, Bhatia R, 
Cowan R, Sutheimer C. Epidural fentanyl and 
bupivicaine in labor: double blind study. 
Anesthesiology 1984; 61:A414. 
2, Leysen JE, Gommeren W, Niemegeers CJE. C 3H] 
sufentanil, a superior ligand for u opiate 
receptors: binding properties and regional 
distribution in rat brain and spinal cord. Eur J 
Pharmacol 1983; 87:209-25. 
3. Donadoni R, Rolly G, Noorduin H, Vandenbusche 
G. Epidural sufentanil for postoperative pain 
relief. Anaesthesia 1985;40:634-38. 


TABLE 1. GROUP 1 GROUP 2 GROUP 3 GROUP 4 
10 ugs 20 ugs 30 ugs 
Saline Sufentanil Sufentani]l Sufentani] 


Satine Sufentant!  awiemani o H Ene 


Initial pain score? 76 (17.4) 69 (16.7) 82 (9.0) 77 (11.7) 


% reduction? 58 (18.5) 78 (22) 74 (29.4) 90 (16.6)* 


at 10 minutes 


g% reduction? % (8.3) 97 (7.1) 95 (10.2) 98 (5.4) 


at 30 minutes 


Analgesia onset? 16 (5.2) 13.6 (8.5) 15.5 (8.9) 9.7 (5.3) 


in minutes 


Analgesia duration? 90 (19.6) 114 (17.3) 137 (28.9)* 144 (35.3)* 


in minutes 


ana ae 


a, All figures expressed as mean S.D. in parenthesis 


* p< 0.01 
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Introduction Intravenous Diltiazem (D) is now 
available and is used for the treatment of 
myocardial ischemia, supraventricular dysrhythmias 
and hypertension. Significant adverse effects 
including A-V block and hypotension of prolonged 
duration have been reported following intravenous 
us2 of D (1,2). The risk of developing these adverse 
effects is further increased during general 
anesthesia due to depression of the compensatory 
sympathetic outflow and potentiation of these 
effects by the volatile agents. At the present time 
there is controversy over which drug is more 
effective in reversing these sequelae (3). This 
investigation was designed to study reversal of the 
hemodynamic effects of D with CaCl, (Ca) and 
epinephrine (epi). j 


Methods Eight mongrel dogs were anesthetized 
with thiamylal sodium (5-7 mg/lb) IV, intubated and 
ventilated to normocapnea with a mixture of 70% N,0 
and 30% 0,. Fentanyl (300 mcg/kg) was given as an 
IV bolus followed by an infusion at 1.5 meg/kg/min. 
Monitoring was continuous with direct arterial, 
pulmonary arterial] and Millar LVdp/dt catheter 
pressure recordings, and ECG. Intermittant 
measurements were recorded of PCWP, CO, and ECG at 
50 mm/sec. Following control measurements, D was 
administered IV as a bolus injecton of 300 mcg/kg. 
After each infusion period, the D infusion was 
increased by 30 mcg/kg/min preceded by another bolus 
until significant hemodynamic or electrophysiologic 
changes occurred. Criteria of a significant change 
included a 50Z decrease in MAP along with a) 
significant A-V block (2°or3°); b) a 50% decrease in 
CI; or c) a 50% decrease in dp/dt. When one of 
these events occurred the infusion of D was 
discontinued. If there was no improvement after 5 
minutes, Ca (40 mg/kg) IV was given followed 2 to 3 
minutes later by a second bolus of Ca. If there 
were still no improvement 5 minutes after the second 
bolus of Ca, epi was injected (1 mcg/kg) followed 1 
minute later by 2 mcg/kg if there were no response 
to the initial bolus. A maintenance infusion of epi 
was then started at 8-12 mcg/min for a period of 30 
minutes. Short periods of atrial and ventricular 
pacing were performed during the control, D, and 
treatment periods. Multiple blood samples were 
obtained during the study to determine electrolyte 
levels as well as blood gas tensions. Blood for 
serum D levels was obtained at the onset of the 
first significant side effecc (D,) and at the end of 

; ; 1 
the D infusion (D,). 





any —f the hemodynamic variables. In fact, Ca 
decr=ssed HR and produced sinus arrest with a 
ventricular escape rate of only 20 BPM in two degs, 
Epi =ignificantly increased HR, MAP, SBP, and CEP. 
It Greased 2° and 3° block to 1° block and 
partially reversed 1° block by decreasing the F-R 
inte-val as measured by ECG. Atrial and ventricular 
paci did not significantly improve any of the 
advese effects. 


iscussion This study confirms that D infusion 
in Higher concentrations predominantly produces A-V 
concsction depression and profound hypotension. Epi 
inft=ion proved to be most effective in attenuating 
and =liminating each of these side effects. In 
con st, Ca did not significantly increase heart 
rate br blood pressure, or reverse A-V block. In 2 
ins ces Ca produced further depression of the A-V 
concsrtion, bradycardia and sinus arrest. Althcugh 
Ca slightly increased LVdp/dt and CI, MAP was net 
affected and SVRI was further decreased, indicating 
that fe should be used with caution and only after 


the lcium channels have been reopened by epi. 
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TABI=| I 
CONTROL D, D, CaCl Epi 
HR = }pn) 92438 77416 66416 552421 96427% 
MAT Imalig) 93+17 62421 48+lOf = 47411 72+8*3 
SVZ 2287+888 12654390 1007+4376ř B42+243 1034+319 


(dya |sec/em? /m?) 
s = MeantS); p<0.05 for * between epi and Ca; 


# t= jwen control and Do; @ between D, and epi 





NUMBER OF NEW CONDUCTION DISTURBANCES 
APPEARING DURING INFUSION OF DILTIAZEM 





| D, Dy Total | 
Results The mean serum [D] for D, was 423+72 

and for D, was 1941+56 ng/ml. The mean hemodynamic 1 de=ree block 7 1 8 
variables are shown in Table I. D produced 2 dextee block type I 1 2 3 
significant reductions of SVRI, MAP, SBP, and DBP. 2 defe. block type II 1 3 4 
LVdp/dt was not significantly depressed; RA, PCWP, 2 de=ree block type II - l l 
and CI were not significantly affected. D produced wit aberrant conduction 

a high incidence of A-V conduction disturbances 3 dezree block - 1 l 
(Table II) ranging from 1° to 3° blocks. The ae pean rhythm 2 1 3 
administration of Ca had no significant effect on TOT 11 9 20 
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Introduction As the search for new intravenous 
induction agents continues, propofol (ICI 35,868) 
appears to show some promise. Studies in healthy 
patients undergoing various surgical procedures have 
demonstrated smooth inductions with rapid recovery 
and few excitatory side effects. However, drugs 
suitable for use in healthy patients frequently have 
different effects in patients with cardiac disease 
or other debilitating conditions. This study was 
designed to 1) compare propofol (P) with thiamylal 
sodium (T) with regard to their safety and efficacy 
for induction, and 2) to compare the hemodynamic 
effects of these two drugs using invasive cardiac 
monitoring in patients with coronary artery disease 
undergoing coronary artery bypass surgery (CABG). 


Methods After obtaining IRB approval and 
informed written consent, 16 patients aged 30-75 
years and ASA class IV undergoing elective CABG were 
studied. All patients had ejection fractions 302 
and no history of myocardial infarction within 3 
months. Patients were maintained on their usual 
regimen of cardiac drugs, including beta and calcium 
channel blockers and nitrates, until the morning of 
surgery. Premedication was morphine, 0.1 mg/kg, and 
scopolamine, 0.4 mg, administered IM, l-1} hours 
prior to induction. Monitors included ECG lead Vs 
and radial and pulmonary arterial catheters. 
Systemic and pulmonary arterial pressures, systemic 
vascular resistance (SVR), cardiac index (CI), heart 
rate (HR), stroke index (SI), and left ventricular 
stroke work index (LVSWI) were recorded at 1 (T,) 
and 3 (T,) minutes after drug administration and 
before iftubation (T,). Patients were randomly 
assigned to receive either propofol, 2.5 mg/kg, or 
thiamylal, 4.0 mg/kg, IV, for induction with the 
full dose being administered over 30 seconds. At 
the end of 3 minutes, patients were given 
pancuronium, 0.1 mg/kg, IV, and halothane, 0.25-22, 
and intubated when suitably anesthetized. Results 
were analyzed using an analysis of variance of 
repeated measures with a significance of p < 0.05. 


Results Between control values and T,, 
prepofol caused a significant decrease in MAP, SVR, 
and LVSWI, and a significant increase in HR while no 
change was seen in PCWP or CI. Thiamylal produced 
no significant hemodynamic changes during this same 
period. Significant differences between groups were 
seen in MAP and SVR at T. (Table). Addition of 
halothane (T,) to propofol resulted in significant 
decreases in MAP, SVR, PCWP, and LVSWI, and an 
increase in HR. The thiamylal group showed 
significant decreases only in MAP and LVSWI at T,, 
and differences between groups were limited to stR. 
No significant complications were seen during the 
induction period with the use of either drug. 


Discussion Propofol, a new intravenous 
induction agent, has been shown to be safe and 
effective in animals erd man, both for the induction 
of anesthesia and when used in incremental doses for 
short procedures (1). It has a rapid distribution 
phase (t 4 ~ -- 2.5 minutes) and a slower 
elimination phase (t 4 R - 55 minutes) and is 
metabolized and excreted, primarily through urine. 
Though originally in Cremophor CL formulation, it is 
now availahle in an aqueous emulsion which was used 
in this study (2). Previous studies have shown 
significant decreases in MAP and SVR in both healthy 
patients (3) and those with documented coronary 
artery disease (4). The effects have mainly been 
attributed to the vasodilatory effects of propofol. 
The fact that our study shows no change in PCWP or 
CI, and a decrease in LVSWI, indicates that the 
effects of propofcl are probably due to both 
vasodilatation and myocardial depression. However, 
the effects are transient and resulted in no adverse 
sequelae. Therefore, we suggest that propofol and 
thiamylal are both safe and effective for use in the 
induction of patients with coronary artery disease. 


References 
l. Glen JB: Animal studies on the anaesthetic 
activity of IC 35,868. Brit J Anaesth 1980; 52:731. 
Ze Glen JB, Hunter SC: Pharmacology of an 
emulsion formulation of ICI 35,868. Brit J Anaesth 
1984; 56:617. 
3. Grounds RM, Morgan M, Lumley J: Some studies 
on the properties of the intravenous anaesthetic, 
propofol (Diprivan) - a review. Postgraduate 
Medical J 1985; 61(Suppl 3):90-95. 
4, Patrick MR, Blair IJ, Feneck RO, Sebel PS: A 
comparision of the haemcdynamic effects of propofol 
(Diprivan) and thiopentone in patients with coronary 
artery disease. Postgraduate Medical Journal 1985; 
61(Suppl 3):23-27. 





CONTROL i 7 È 
MAP (P) 97417 83+18# 754167% 6649% 
(T) 95413 93+10 95+8 77+11* 
uR (P)  60żl4 72119% 68+12# 71+10* 
(T) 67+12 75+11# 67+8 71+8 
CI (P) 2,440.4 2.440.4 2,440.5 2,640.6 
(T) 2.841 2.840.8  2.540.6 2,440.9 
PCWP (P) 1645 1545 1445 12444 
(T) 1843 1243 1743 1544 


SVR (P) 1565262 12464328# 11464227'* 9872291 '°% 


(T) 14264450 13794442 15224349 1307+358 
LVSWI (P) 45+10 2849%* 30+10* 2848% 
(T) 44415 37+10 39+9 29414 
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+ p~<0.01 between groups # p—0.05 within groups 
* p-~0.0 + 
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Introduction. Epidural Morphine (EM) and 
Patient Controlled Analgesia Morphine (PCAM) 
adninistration are both becoming popular 
methods of providing improvec postoperative 
analgesia °“ . To our knowlecge, no controlled 
prospective studies have compared these approaches 
in patients following surgery. The objective of 
this study was to compare anc contrast EM and PCAM 
with a standard Intramuscular Morphine (IMM) 
regimen, in patients undergoing total abdominal 
hysterectomy (TAH) to determine if one or more of 
the techniques allowed patients to mobilize, 
eat or be discharged from the hospital sooner 
because of improved pain relief. In addition, 
conparison was made of the analgesic effectiveress 
of each approach, as determined by patient and 
investigator. 


Methods. With approval by our human institu- 
tional review board and informed consent, we 
randomized 46 ASA I and II patients undergoing TAH 
to three groups. Group I received IMM 0.10-0.15 
mg/kg 2-3 hourly as required, commencing on 
arrival in the recovery room. Group II received 
PCAM commencing with 0.5 mg increments until 
comfortable in the recovery room, and subsequent 
0.5 mg doses with a programmed lock-out period of 6 
mins. Group III received EM 5 mg in 10 ce saline at 
completion of surgery and 2.5 mg in 5 cc saline 
repeated as required. All patients received 
identical anesthetic techniques of precurarisation 
with 3 mg dtc, sodium thiopenthal 3-5 mg/kg 
vecuronium 0.1 mg/kg and maintenance with 1% 
isoflurane and 70% nitrous oxide in oxygen. 
Intraoperative analgesia was provided with fentanyl 
0.1-0.3 ugm/ kg given shortly after induction. 
Epidural catheters were placed at L3/L4 following 
induction but prior to incision, placement being 
confirmed by loss of resistance to air. The Abbott 
PCA device was attached to a peripheral IV infusion 
on arrival in the recovery room. The following 
criteria were assessed every & hrs for 36 hrs 
following initial morphine dose: patient subjective 
pain score by 10 cm visual analog scale; objective 
pain on a 1-3 scale (moaning, crying, and 
diaphoresis 3; movement of patient limited by pain 
2; patient moving freely with some discomfort 
on coughing 1); objective sedation on a 1-3 scale 
(sleeping most of the time 3; usually asleep but 
awakening to outside stimuli Z; awake watching 
television or reading 1). The following milestones 
were looked for every 4 hrs and the times they were 
achieved were charted: first time to mobilization 
(sit on edge of bed, sit in chair, walk 5 paces 


unaided); first solid food meal following return of 
bowel sounds; time to readiness for discharge 
(criteria being patient afebrile <99°F, able to 
walk 20 steps unaided, able to eat solid food); 
and, 2atient acceptability, on a 10 cm visual 
analog scale. All observations were made by an 
imparzial observer, unaware of the analgesic 
regim=n. Statistical analysis was by Wilcoxon rank 
sum tst, analysis of variance and student t-test. 


Results. 15 patients received EM, 18 IMM and 13 
PCAM. Mean subjective pain scores were 
signilicantly better during the first 36 hours in 
the EI group 3.35 + 2.97 compared to IMM 4.11 + 
2.89 ind PCAM 4.06 + 2.77, (p<0.05). In addition, 
there was a significantly higher frequency of low 
(<3) subjective pain scores, 80/140 in the EM 
group compared to IMM 48/116 and PCAM 67/107 (p< 
0.05) There was no significant difference in 
subje-tive or objective pain scores between IMM and 
PCAM. Despite receiving better analgesia, those 
patieits receiving EM did not mobilize, begin to 
eat o- attain discharge criteria any sooner than 
IMM o- PCAM. Itching, requiring treatment, 
occur-ed in 1 EM patient, and 2 IMM patients ona of 
whom „éd to be withdrawn from the study. Nausea 
and v«miting occurred with similar frequency in all 
group:. No patient experienced clinical evidence 
of ea-ly or late respiratory depression. 


-enclusion. The results of this study 
demon -trate that while epidural morphine providas 
more -ffective analgesia, following TAH, than IM or 
PCA m-rphine, patients are not able to mobilize, 
eat o` fulfill discharge criteria sooner. 
Never kLeless, patient acceptability and enthusiasm 
for e-idural and PCA analgesia should prompt 
furth- r studies, perhaps with continuous infusion 
of ep dural narcotics, in the hope of shorteninz 
hospi al stay with improved analgesia. 
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Introduction. Plasma beta-endorphin (B-END) 
levels are increased during gestation and in fuil 
term neonates. Although the function of circulating 
B-END in pregnancy is still undefined, it has been 
postulated to produce: 1) changes in mood and smooth 
muscle tone in the mother; 2) inhibition of fetal 
breathing and 3) modulation of responses to hypoxia 
during delivery. Points 2 & 3 are supported by the 
known inhibitory effects of B-END on respiratory 
function. Althogh B-END plasma levels have not been 
determined in preterm neonates, naloxone (an opioid 
antagonist) has been shown to reverse apnea in pre- 
term neonates. The present study shows signifi- 
cantly elevated B-END plasma levels in venous and 
arterial cord blood in preterm when compared to term 
neonates. 

Methods. The research protocol was approved by 
the Institutional Board of Research Associates for 
application to human subjects and all patients gave 
informed consent. Sixteen patients undergoing 
cesarean section (CS) were studied: 8 required pre- 
term CS at ¢ 35 weeks gestation for premature rup- 
ture of membranes (3 received ritodrine for 
tocolysis and 5 dexamethasone for surfactant 
maturation) and 8 were scheduled for elective CS at 
term. All patients received lumbar epidural 
anesthesia induced by 1.5% lidocaine with epi- 
nephrine 1:200,000 in 5 ml increments in order to 
acheive a Tg sensory level. At the time of deli- 
very, maternal venous (MV), neonatal umbilical venus 
(UV) and arterial (UA) blood samples were collected 
for B-END determination. Maternal arterial and UV 
and UA blood pH and gas tensions were also measured. 
Neonates weight and Apgar scores were noted. Blood 
samples were also collected from 8 non-pregnant 
females prior to anesthesia induction for non- 
obstetric surgery, to serve as a control group. 
Plasma B-END was measured by radio-immuno assay 
(Immunonuclear Inc., Stillwater, MN 55082). Results 
are expressed as mean + 1 SE and differences among 
groups analyzed using the student's t-test. 

Results. Birth weight was 3640 + 150 g for term 
neonates and 1956 + 170 for prematures. All term 
neonates had Apgar scores of > 7 at one minute and > 
9 at 5 minutes, while two preterm neonates had 
scores of 4 and 7 at 1 and 5 minutes respectively. 
All term neonates had an uneventful nursery course 
but three preterm developed respiratory distress. 
Maternal, UV and UA blood pH and gas tensions were 
similar in term and preterm patients (data not 
shown). The figure demonstrates that B-END levels 


were Significantly higher in preterm when compared 
to term neonates (P ¢ 0.01). It also shows that 
maternal plasma B-END levels were elevated when com- 
pared to non-pregnant patients; however, B-END 
maternal levels in preterm and term groups were not 
statistically different. 

Discussion. Our data shows that plasma B-END 
levels in preterm neonates are approximately double 
those of term neonates. The increased B-END levels 
do not appear to be related to acid-base derange- 
ment. Since both UA and UV plasma B-END levels are 
simmilarly elevated in preterm neonates, an 
increased placental production of B-END could be 
postulated. The increased B-END levels may have 
among others, a depressant effect on the fetal 
breathing movements and could explain the higher 
incidence of apneic episodes, as well as their 
reversal by naloxone, in premature infants. It is 
not known at present if maternal administration of 
ritordine or steroids has an effect on neonatal 
B-END levels. Our data also demonstrates an 
increase in plasma B-END levels in pregnant 
patients, when compared to no pregnant females, sup- 
porting previous findings by other investigators. 
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Legend. Beta-endorphin levels in maternal (MV), 
umbilical arterial (UA) and venous (UV) plasma in 
preterm and term patients. Results are expressed as 
mean values; vertical bars indicate SEM. 
*Statistically different from term values (P ¢ 0.01) 
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Introduction. Local anesthetics injected into the epidural 
space to provide analgesia for labor and delivery have been 
implicated in the genesis of changes in the fetal heart rate (1). 
Studies to date have only examined the changes in the fetal heart 
rate. Examination of the waveform configuration and time inter- 
vals of fetal electrocardiogram (FECG) after the epidural admin- 
istration of local anesthetics has Eeen handicapped by the lack 
of a suitable technique to reliably isolate the FECG in a pure 
fom. Using an on-line minicomputer (DEC LSI-11/23) capable of 
performing continuous, real time anélysis of FECG (2), we studied 
the changes in the waveform configuration and time intervals of 
the FECG following lumbar epidural analgesia (LEA) in laboring 
woren. 

Methods. Institutional approval and informed consent fron 
10 patients receiving LEA for pain in labor were obtained. 
Lateral posture was meticulously maintained. Maternal blood 
pressure, and pulse rate were closely monitored. An epidural 
catheter was inserted at Lo-L3 interspace and 8 ml of plain 
bupivacaine (0.5%) injected slowly to achieve adequate sensory 
block. The FECG signal was obtained from a comercial ly avail- 
able scalp electrode. A time coherent enhanced averaging routine 
was incorporated in the minicomputer's software to attenuate the 
ncise and enhance FECG signal (3). All processing took place 
on-line and the output from the minicomputer comprised of the 
following 8 parameters of the FECG waveform: fetal heart rate 
(FHR), P wave area and duration, P-R interval, QRS duration, 

ST segment level, T wave height and R-T interval. In addition, 
the relationship between P-R interval of the FECG and FHR (PR- 
FER correlation) during labor was studied by the calculation of 
Pearson's correlation coefficient. Baseline readings were 
recorded for 30 minutes prior to epidural injection. Thereafter, 
the FECG parameters were recorded for 60 minutes. At delivery, 
blood samples from umbilical artery were obtained anaerobically 
for pH and blood gas measurements. Student's t test (paired) 

was used for statistical analysis {P<0.05 significant). 

Results. At delivery umbilical artery pH and base excess 
of all fetuses were within normal limits. When compared with the 
baseline readings, the values of the 8 FECG waveform parameters 
recorded after LEA were not significantly different (Tables 1 
and 2). However, 7 out of the 10 Tetuses showed a change in 
PR-FHR correlation 5 to 10 minutes after epidural injection. At 
any given P-R interval, all the seven fetuses had lower heart 
rate. The magnitude and time cours2 of the change in PR-FHR 
correlation is shown in Figure 1. This change in PR-FHR 
correlation was not accompanied by any adverse change in fetal 
scalp blood pH or base excess. 

Discussion. A recent study of the FECG in labor reported 
that the normal negative correlation between P-R interval and 
FHR became positive during biochemically proven episodes of 
fetal hypoxia (4). The occurrence of similar change in PR-FHR 
correlation without any deterioration in fetal scalp blood pH 
or base excess following LEA suggests the possibility of a local 
anesthetic-induced effect on fetal cardiac conduction system. 
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“Table 2 Res T Results (mean + SD) from 3 fetuses which its (mean £ SD) from 3 fetuses which did not show 
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Table i Results (mean £ SD) from 7 fetuses which showed 
changes in PR-FHR correlation. 
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pacelane Post~LEA Post-LEA 
(0-30 min) (30-50 min) 


FHR eper min) 136.86 132.29 133.77 
(5.00) (6.41) (6.79) 

P wae duration (millisec) 55.27 55.46 55.54 
(10.99) (6.95) (7.05) 

P wae area (units) 94.40 98.96 101.63 
(31.98) (29.71) (32.39) 

P-R -nterval (millisec) 102.99 105.14 101.32 
(10.39) (10.13) (18.02) 

QRS euvation (millisec) 44.46 44.42 44 44 
(3.97) (3.93) (4.49) 

ST segment position (units) 1019.69 1016.79 1019.26 
| (32.42) (33.68) (24.48) 

T wate height (units) 59.44 54.62 £0.26 
(24.70) (28.72) (27.14) 


164.93 168: 34 157.97 
3) BA 3) (18.74) (14.48) 


R-T Interval (millisec) 


changes in PR-FHR correlation. 


Baele Post-LEA Post-L FA 
aseline (0-30 min) (30-69 min) 


r min) 142.43 143.24 129.79 

(6.45) (3.63) (4.04) 

P wate duration (millisec) 67.92 65.46 €6.52 
| (5.48) (5.96) (7.54) 

e area (units) 313.36 280.21 31€.51 
(181.66) (178.70) (181.21) 

nterval (millisec) 103.15 100.69 104.81 
(6.88) (3.58) {2.55) 

QRS aaa (millisec) 44.8] 43.25 42.90 
(5.07) (3.67) 14,11) 


ST cn position (units) 1101.07 1058.03 1089.39 
(103.54) (84.40) (127.84) 


T weye height (units) 159.93 142.42 213.53 
(108.98) (89.30) (168.69) 
RT faterval (mi11isec) 160.69 153.19 157.11 
(18.69) (14.00) 8.27) 
to 


a| Mean (* SD) change in PR-FHR correlation coefficient 


A----4 fetuses showing a change 
pi @———® fetuses showing no change 
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Introduction: Nitrous oxide: inactivates the vitamin 
B 5 component of the enzyme methionine synthetase. By 
interfering with folate metabolism and DNA synthesis, 
megaloblastic hematopoesis in man follows 5-24 hours of 
continuous exposure, or 18 hours of intermittent exposure 
over 24 days to 50% NO... Continuous exposure to 50% 
N,0 for 5 days may cause bone marrow aplasia. . We 
wondered if patients who undergo general anesthesia fre- 
quently for procedures such as dressing changes or de- 
bridements, are at risk for these complications. 


Methods: Following subjects' informed consent and 
approval by the Institutiona Review Board for the Pro- 
tection of Human Subjects, 14 male normal volunteers 
not taking medication or vitamins were randomized into 
2 equal groups. Each subject received a gas mixture for 
30 minutes on a Monday ~ Wednesday - Friday schedule 
over 2 consecutive weeks (€ exposures). Seven subjects 
received 50% N,0 in 0, (N,0 Group), while 7 subjects 
received an air-0 miture of Bi F0 (Air Group). Pe- 
ripheral blood was drawn before edch exposure and one 
week after the last exposure, and analyzed by a single 
experienced hematology technologist blinded as to sub- 
jects' gas exposure. 


Results: Data analyses are complete at this writ- 
ing for white cell count (WBC, in thousands/microliter), 
mean red cell volume (MCV, in femtoliters) and neutro- 
phil lobe count (# lobes). Analyses of other laboratory 
parameters are pending, and will be reported at the 
meeting. The Table presents mean (x), and standard 
deviation (sd) for the first, middle and last blood draw 
for each of the 3 currently analyzed parameters, as well 
as the F value from an analysis of variance done on data 
from all exposures. No statistically significant change 
was found in any parameter in either group (p > .05). 


Discussion: We found no evidence of megaloblastic 
changes in the peripheral blood of normal subjects ex- 
posed intermittently to NO over 2 weeks. While it 
could be argued that the healthy population we studied 
does not mimic the ill patient population undergoing re- 
peated operations, we feel the study's design eliminates 
the potentially confounding variables of surgery, bone 
marrow suppression from disease, and concomitant other 
drugs. Both leukopenia and hypersegmentation (increased 
lobe counts) occur early in the course of nitrous oxide- 
induced hematopoetic toxicity, the formes within 2 days, 
and the latter within 5 days of exposure’. We conclude 
that nitrous oxide given in the dosage schedule used does 
not cause megaloblastic changes detectable in peripheral 
blood. 


JO Reagan, M.D., JI Gerson, M.D., FR Davey, M.D., RP Oates, PhD., MW Morris, M.S. 


Departments of Anesthesiology, Pathology, and Preventive Medicine, SUNY Health Science Center at 
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TABLE (abbreviations and description in text; 


x +. sd) 





AIR SUBJECTS 


ist MID END Æ 
MCV 88.5+ 4.7 88.9+ 48 88.7 + 4.8 0.01 
WBC 6.8 + 1.2 7.2 + 1.9 5.6 + 0.9 1.08 
# LOBES 3.1 + 0.1 3.1 £ 0.1 3:2 -0:1 -0.76 
NITROUS SUBJECTS i 
ist MID END OF 
MCV 87.44 2.3 87.9+ 3.5 87.9 + 3.7 0.07 
WBC Ster 584 1.1 5.3 + 1.0 0.46 
# LOBES 3.1 + 0.1 3.22031 3.1 + 0.1 0.37 
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Introduction. Lidocaine, bupivacaine and 
chloroprocaine are widely used local anesthetics (LA) 
in obstetrical and gynecological anesthesia. It has 
been reported that fetal bradycardia, severe fetal 
depression, acute hypoxia, and fetal death assocaited 
with paracervical block (PCB) using lidocaine are the 
results of the anesthetic effect carried via the 
maternal circulatory system (1.2.). Thus, the 
purpose of this study was to evaluate and compare 
lidocaine, bupivacaine and chloroprocaine effects on 
human uterus arteries in vivo, during PCB. 


Methods. This study was approved by the 
committee on human research and it was performed 
in an operating room during a routine abdominal 
hysterectomy. All patients were admitted for 
excision of large uterine myomas. Prior to the 
experimental procedure, informed consent was 
obtained from each patient. Patients were anesthe- 
tized with either halothane or N20. Preparation 
of uterine arteries was performed by the attending 
gynecologist. Blood flow probes (Carolina Medical 
Electronics) were autoclaved and placed around the 
uterine arteries. Three one minute control samples 
were obtained. Then, either lidocaine (12), 
bupivacaine (0.25%) or 2-chloroprocaine (22) 5ml and 
l0ml increments were injected paracervically 
(without epinephrine) at the 4 o'clock and 8 o'clock 
region ipsilateral to the probe. Next, one minute 
blood flow samples were recorded at 5, 10 and 15 
minutes after injection. Then, the hysterectomy 
assumed its normal course. A total of three groups 
of patients (5 patients in each group) were used to 
test each local anesthetic agent. Saline was 
injected in 2 patients who served as a control 
group. 


Results. As seen in table l, there were 
sinilar findings for the three anesthetic agents: 
they all produced vasodilation during the first 
minutes after the injection and then vasocon- 
striction occurred. It seems that 2-chloroprocaine. 
produced less vasoconstriction on uterine artery. 
Lidocaine and bupivacaine affected the uterine 
arterial blood flow in a very similar pattern, 
although bupivacaine was somehow more potent in this 
respect. In spite of these observations, the 
difference between the three anesthetic, agents was 
not statistically significant. If the time was 
extended over 15 minute period, one may speculate 
that the differences between the drugs would reach 
more pronounced statistical significance. However, 
the mean effect of all three local anesthetic drugs 
on the blood flow of the uterine artery as compared 
to the control values reached statistical signifi- 
cance (p 0.05). 


Discussion. A number of lines of evidence 
suggest that local anesthetic agents (LA) can 
produce either vasodilation or vasoconstriction 
in different vascular beds (1,3,4). 


The uterus has a very rich blood supply and thus 
locaĦ anesthetics introduced in the paracervicai 
area would be rapidly absorbed and distributed by 
vascular network, that is, along the areas of least 
resistance. In this study, we assessed the blood 
plow. te non-gravid uterine arteries during PCB with 
LA ir| total abdominal hysterectomy. Contrary to 
several observations (1,2,3), we found that 
Lidocaine, 2-chloroprocaine and bupivacaine signifi- 
cantky diminished uterine blood flow during PCB. 
Dee action of the LA agents on vascular smooth 
musce cannot be excluded. All our patients had 
rather large benign neplasms (fibromyomas). Whether 
the pathology of the uterus affected reactivity of 
the erteries remains to be answered. 


References. 
l. Eormage, P.R.: Epidural analgesia. 
Philedelphia, W.E. Suanders Co., Publisher (1978) 
2. Snider, S.M., Levinson: Anesthesia for 
Obstetrics, Williams and Wilkins, Publisher (1979) 
3. Le Jong, R.H.: Physiology and Pharmacology of 
Local Anesthesia, Springfield, Ill., Charles C. 
Thoms, Publisher (1970) 
4. Hyman, Al.: J. Pharmacol. EXP. Ther. 174: 487 
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Figure 1. The effect of 2-chloroprocaine, lidccaine 
and kipivacaine on human arterial blood flow 

during paracervical block. The starting point 
(30lni/minute) is the mean + SEM of the control 
values. 
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INTRODUCTION. Although several reports on the use 
of spinal anesthesia in infants and children have recently 
been published, little information is available on the 
duration of analgesia produced by standard doses of the 
commonly used drugs. We report here a one year's 
experience with spinal anesthesia in infants using uniform 
mg/kg doses of three drugs; plain tetracaine, tetracaine 
with epinephrine, and lidocaine with epinephrine for 
surgical procedures below the diaphragm. 





METHODS. This prospective study was approved hy the 
Institutional Clinical Investigations Committee. During 
the preoperative interview the parents of 102 infants 
scheduled for surgical procedures below the diaphragm 
were Offered the choice of either general or spinal 
anesthesia. Seventy-two elected to have spinal anesthesia, 
and agreed to participate in the study. Patients were not 
premedicated. The selection of the appropriate local 
anesthetic solution for each case was determined 
according to the anticipated duration of the surgery. 
Lidocaine 5% containing glucose 7.5% and epinephrine was 
selected for very short procedures; while plain tetracaine 
or tetracaine with epinephrine were used for all other 
cases. The standard dose of lidocaine was 3 mg/kg. The 
tetracaine dosages were 0.4 mg/kg in conjunction with 0.04 
ml/kg of 10% dextrose. If epinephrine was used, the 
concentration added to both lidocaine and tetracaine was 
0.02 cc of a 1:1000 solution. An adult disposable spinal 
tray was used; supplemented with a 22-gauge x 3.5 cm 
styleted Quincke needle (standard pediatric lumbar 
puncture needle) and a 1.0 ce tuberculin syringe. All 
blocks were performed in the lateral decubitus position, 
following routine skin preparation with povidone-iodine. 
Once the adequacy of the level of spinal anesthesia had 
been established by using either finger pinch or peripheral 
nerve stimulator set at tetanus to induce a withdrawal 
response, the infants were lightly sedated with intravenous 
methohexital 0.5 mg/kg. If the infant began to move to 
such an extent that the surgical procedure was affected, 
another dose of intravenous methohexital was used. In all 
cases the level of sedation was titrated, so that the 
infant's suck reflex remained intact. In four instances, 
ketamine 0.25-0.5 mg/kg was used as the intravenous 
supplement because of the preference of the 
anesthesiologist involved. Following surgery all patients 
were transported to the recovery room where they were 
observed by one of three nurses who were instructed to 
record the time when the infant first moved his/her toes 
either spontaneously or in response to non-noxious tactile 
stimulation. The time from injection of the local 
anesthetic solution until the first movement of the toes 
was noted in each case. The duration of neuroblockade 
produced by the three local anesthetic solutions was 
compared by analysis of variance. 


RESULTS. The infants ranged in age from 37 days to 
12 months and weight from 2.7 to 9.6 kilograms. Forty 
patients received tetracaine with epinephrine, while 22 
patients received plain tetracaine. Ten patients received 
lidocaine with epinephrine. There were no "dry taps" or 


linda Rice, M.D., Patrick DeMars, M.D., Jeffrey Crooms, M.D., and Thomas Whalen, M.D. 


"bloody taps" in this series. All patients had satisfactory 
surgical anesthesia. There were no hlood pressure or heart 
rate changes greater than + 5% from preoperative values. 
The duration of anesthesia is shown in Table 1. The 
difference in the duration of block produced by the three 
drugs was significant (p&.000)). Fifty-eight infants 
received intravenous methohexital, while 10 patients 
required no supplementation. Only 4 patients received 
intravenous sedation with ketamine. One vigorous 5 monty 
old infant received 10 minutes of mask nitrous oxide and 
oxygen for a procedure that outlasted the anesthetic. 
Atropine was not used in any patient, and no bradycardia 
was detected. All patients except one of those receiving 
ketamine were awake, vigorons and able to feed 
immediately upon entering the recovery room. There were 
no postoperative complications. 


Table ] 


Age & Duration of Spinal Anesthesia with Three 
Different Drugs in Infants (mean + SEM) 





_idocaine/ Tetracaine/ 
&_pinephrine Tetracaine Fpinephrine 
n= 10 n= 22 n= 40 
age (mos) 6.7 + 0.6 5.9 + 0.75 3.9 + 0.4 
duration ‘min) 56 + 2.5 R6 +4 175 +3 





DISCUSSION. Spinal anesthesia has been shown to be a 
reasonable option for surgery below the diaphragm in 
infants under one year of age provided that the 
anesthesiologist is proficient in the technique and in caring 
for infants undergoing anesthesia. Special anatomic 
considerations for this age group include the fact that the 
spinal cord may end as low as L3 in the neonate. Thus, to 
be safe, spinal punctures should be performed at the L4-5 
or _5-SI level. Originally, we offered spina! anesthesia to 
high risk neonates, but soon received so many requests 
from parents of term infants that we began to offer spinal 
anesthesia as a routine option, It ‘s of interest that of 102 
parents whose children met our criteria for offering the 
block, 72 chose spinal, 8 chose caudal and 22 chose general 
anesthesia. Our experience confirmed the reports of 
others that infants undergoing spinal anesthesia 
demonstrate no hypotension in spite of the fact that they 
do not receive intravenous hycration prior to the 
establishment of the block. We did not use atropine in any 
patient, and ohserved no bradycardia. 








In conclusion, we have demonstrated that spinal 
anesthesia is a reasonable option for surgery be'ow the 
diaphragm in infants under one year of age. We 
recommend that lidocaine with epinephrine he employed 
for surgery expected to last less than one half hour, 
tetracaine be used for surgery anticipated to last one hour 
and tetracaine with epinephrine be employed for surgery 
anticipated to last one and a half hours. 
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Introduction. The relationship between 
cerebral blood flow (CBF) and perfusion pressure 
during cardiopulmgnary bypass (CPB) remains 
controversial. ?? Since 2aC0, strongly affects 
CBF during CPB, acid-base management may explain 
conflicting results. We report changes in CBF 
produced by experimental elevation of MAP in 
petients during hypothermic CPB. 


Methods. After the protocol was approved by 
the Clinical Research Practices Committee, eight 
patients scheduled for elective cardiac surgery 
gave written consent to take part in this study. 
Exclusion criteria included hypertension, known 
cerebrovascular disease, and a requirement for 
non-protocol drugs before completion of CBF 
measurements. Fentanyl 75 pg/kg was used to induce 
and maintain narcosis, addirg pancuronium 0.1 mg/kg 
to facilitate endotracheql . intubation. CBF was 
assessed by clearance of ~~““Xe (dissolved in saline 
and injected into the arterial infusion line). 
Data from 16 cadmium telluride gamma detectors were 
averaged to obtain global CBF. Mean CBF was 
calculated by the CBF, technique, corrected for 
decreases in temperattire (temp) and hematocrit 
(Het). During nonpulsatile, hypothermic CPB, 
temp-uncorrected PaCO.. was maintained near 40 mmHg 
(~ 26 mmHg, corrected for temp = 28°C), by constant 
in-line monitoring of PaCO. (Gas Stat  - American 
Bentley). Nasopharyngeal temp, CPB flow (Q), and 
Hct were also maintained within narrow limits in 
each patient. Baseline CBF was measured once 
hypothermic CPB was stable. MAP was then increased 
by at least 25% by continuous infusion of 
phenylephrine. In two patients, phenylephrine was 
not required, since MAP increased spontaneously 
following the baseline study. All values were 
expressed as mean + standard deviation (SD). Mean 
CBF and MAP data were compared using paired 
two-tailed t tests, significant at p < .05. 


Results. Controlled variables did not change 
Significantly from baseline to second measurement 
(Table). In response to a statistically 
Significant increase in MAF, from 53.0%6.8 to 
83.8+7.5 mmHg (p<.0001), C3F remained unchanged 
(Fig.). Baseline measurements averaged 15.1+4.1 
ml/100g/min. After MAP increased, CBF averaged 
14.24+3.6 m1/100g/min. 


Discussion. Several authors have analyzed the 
relationship between CBF and spontaneously 
occurring changes in MAP during hypothermic CPB; 
tney concluded that, if PaCO, is maintained near 40 
mmHg uncorrected, for temp, cerebral autoregulation 
is preserved. ’ Our methodology differed from 
those studies, since we used each patient as a 
control, then specifically elevated MAP. Using a 
similar temp-uncorrected PaCO, management, we also 
found that increasing MAP did not change CBF. In 
contrast, Lundar et al, using transcranial doppler 
analysis of flow velocity, concluded that autoregu- 
lation was impaired or absent when Palo, 





| 
f 
i 
‘ 
i 


apne sscimnated a temp-corrected value of 40 mmHg (~ 56 
mmHg: uncorrected). The clinical implications of 
preservation of autoregulation using a temperature- 
uncerrected acid-base strategy require correlation 
with cerebral metabolic rate for oxygen, 
electrophysiologic monitoring, and neuropsychiatric 
outcome. 


| References. 
l. Govier AV, Reves JG, McKay RD, et al. Factors 
and :heir influence on regional cerebral blood flow 
during nonpulsatile cardiopulmonary bypass. Ann 
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2. Henriksen L. Brain luxury perfusion during 
cardiopulmonary bypass in humans. A study of the 
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Dissociation between cerebral autoregulation and 
carbon dioxide reactivity during nonpulsatile 
cardiopulmonary bypass. Ann Thorac Surg 1985; 
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Tabl3. Controlled Variables (mean + SD) 
| , 
| Temp Q 2 Paco, * Het 
(°C) (L/min/m* ) (mmH¢ ) (vol Z) 
| Group I 
Base line 26.641.4 1.80+0.5 40.8+4.2 24.3+4.1 
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Introduction. Propofol (P) is a new agent which 
has been shown to be safe and effective for 
induction and maintenance of anesthesia. Recovery 
is prompt and free from excitatory side effects. 
Following IV injection, P has a short distribution 
phase (t ła = 2.5 minutes) and a rapid elimination 
phase (t 48 = 55 minutes). These pharmokinetics 
make it potentially useful for the induction and 
maintenance of anesthesia by continuous infusion. 
This study was designed to evaluate the safety and 
efficacy of P, compared to that of methohexital 
sodium (M), for the induction and maintenance of 
anesthesia, by continuous IV infusion, in surgical 
procedures lasting 30 to 90 minutes. 


Methods. Forty adult patients scheduled for 


orthopedic or gynecological procedures were studied. 


The protocol was approved by the IRB and informed 
consent obtained from all patients. Baseline blood 
pressure and heart rate were recorded, and an IV 
premedication of meperidine 1 mg/kg was given 5 
minutes prior to induction. Subjects were randomly 


assigned to receive IV boluses of either P 2.0 mg/kg 


or M 1.5 mg/kg, followed immediately by an infusion 
of the same solution, commencing at a rate of 0.1 
mg/kg/min. Upon loss of consciousness, succinyl- 
choline 1.5 mg/kg was injected IV, the trachea 
intubated, and ventilation to an end-tidal CO, of 
approximately 30 mmHg initiated. Muscle relaxation 
was maintained by pancuronium as necessary. 
Anesthetic maintenance was augmented by 70% N,O in 
302 0, with adjustment of the infusion rate as 
clinically indicated. Arterial blood pressure, 
heart rate and EKG were monitored throughout. The 


anesthetic infusion was stopped 5 minutes before the 


end of surgery and muscle relaxation reversed. N,0 
was discontinued at the end of surgery. The mean 
infusion rate (total dose divided by time) and the 
duration of infusion were recorded. Recovery was 
assessed by measuring the time from the end of 
surgery until spontaneous eye opening, response to 
verbal command, and full orientation (able to give 
correct birth date). Results are presented as mean 
+ SEM, and the two groups compared by unpaired 
Student's t-tests, at a significance level of 

p < .05. 


Results. Age, sex and weight were not different 
between the two groups (22 P, 18 M). Induction 
times to loss of eyelash reflex, were not 
significantly different (P 53 + 2 sec, M 48 + 4 
sec). Four patients receiving P and 2 receiving M 
felt mild pain at the injection site. Hemodynamic 
changes were significantly different between the 
groups (Fig I). Over the 5 minute period of 
induction and intubation, heart rate and systolic 
and diastolic blood pressures increased 
significantly more with M than P. During 
maintenance, despite adjustment of the infusion 
rate, P produced lower values for heart rate and 
systolic and diastolic blood pressures, with little 
change from the preanesthetic baseline values. M 
produced greater changes in hemodynamic values and 
two patients briefly exhibited sweating. The 


duration of infusion was longer with P (81 + 7 min) 
than M (65 + 7 min), but the mean infusion rate for 
both was similar (P 0.12 + 0.005 mg/kg/min, M 0.11 
+ 0.012 mg/kg/min). Recovery times were not 
significantly different between the two groups (Fig 
II). However, with infusions longer than 50 minutes 
the time to eye opening was more than twice as long 
with M (19 + .7 min) than P (7.9 + .4 min). During 
recovery, four patients who received propofol had 
side effects including nausea, confusion, 
drowsiness and euphoria. Seven patients who 
received M experienced either nausea, confusion, 
drowsiness, restlessness or shivering. No 

venous thrombosis occurred. 


Discussion. This study demonstrates that P is a 
safe and effective agent for induction and 
maintenance of anesthesia by IV infusion. The 
lower hemodynamic values with P, during induction 
and maintenance, contributed to the smoother course 
and easier control with this agent. Recovery 
times, although similar for shorter infusions, were 
greater in the M group when infusions lasted longer 
than 50 minutes. In addition, the lower incidence 
of recovery complications with P contributed to its 
superiority over M for continuous IV anesthesia. 


References. 
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Introduction: was smaller for hyperventilated patients than fcr 


Alterations in drug disposition with hype tila- 
tion have been desgribed for morphine in dogs~ and 
fentanyl in humans“. This study was designed to de- 
termine the pharmacokinetics of sufentanil in hyper- 
ventilated neurosurgical patients. 

Methods: 

Institutional Review Board approval and informed 
consent from all participating subjects were obtained. 
Ten patients scheduled for intracranial, spinal or 
neurovascular surgery were assigned, according to 
aporopriate medical indications, to be either hyper- 
ventilated (n=5) or, to serve as controls, ventila- 
ted to normocarbia (n=5). 

All subjects received metocurine 2mg i.v. prior to 
induction of anesthesia with thiopental 4-7 mg/kg 
i.v. Tracheal intubation was facilitated with 
succinylcholine 1.5 mg/kg i.v. Anesthesia was main- 
tained with N„0/0 (2:1) and sufentanil injected 
intravenously. Metocurine was given intravenously for 
muscle relaxation. Esophageal temperature was main- 
tained between 35.2 and 36.6°C with warming blankets. 

In the control patients arterial pC0> was kept 
between 40 and 45mmHg. In hyperventilated patients the 
arterial pCO» was maintained between 22 and 28mmHg. 
Arterial pCO» was measured with a Severinghaus 
electrode at 5 minutes before injection of sufentanil, 
at 5 minutes after injection and at hourly intervals 
thereafter. End tidal C02 tension was continuously 
monitored by infrared analysis. 

After ten minutes of unaltered ventilation 
sufentanil 4 ug/kg was injected as an i.v. bolus. 
Heparinized arterial blood samples were obtained at 
1,3,5,10,20,30,45,60 min and at 30 min intervals 
thereafter up to 240 min. Plasma was separated and 
frozen until asgayed by radioinmunoassay (sensiti- 
vity 0.1 ng/ml)”. 

Plasma concentration-time curves from each patient 
were fitted to both bi- and triexponential equations, 
using weighted nonlinear least squares regression 
analysis. The best fit was determined by using the F 
ratio test. The method of Wagner was used to deter- 
mine the pharmacokinetic parameters4, 

Comparisons between the pharmacokinetic parameters 
for the hyperventilated and control patients were 
made by applying Student's t-test for unpaired data 
(two-tailed). P<0.05 was considered satistically 
significant. 

Results: 

Plasma decay curves for both hyperventilated 
patients and control patients were best described 
by biexponential equations. 

Hyperventilated: C = 9 2767 140t + 618 °90286t, 

Controls: C = 12.16e7-226t 4 1.116. 0061t, where 
C represents concentration in ng/ml and t is time in 
min. The pharmacokinetic data are presented in Table 
1. The hyperventilated patients had a larger total 
volume of distribution of su=sntanil and a more pro- 
longed elimination half-life when compared to control 
patients. Linear regression analysis showed a posi- 
tive correlation between elimination half-life and 
total volume of distribution (r= 0.75, p <0.03). 

In addition, the intercompartmental rate constant k21 


controls. 
Discussion: 

Nisnitateno et al reported a decrease in morphine 
clearance with hyperventilation!, In this study, 
howev2r, the similarity in clearance of sufentaril 
between the two groups and the positive correlation 
betwe2n elimination half-life and total volume of 
distribution suggest that the prolongation in drug 
elimination in hyperventilated patients is due to 
increased distribution. Sufentanil, with a pKa cf 
8.0, ban exist in vivo as both a free base and an 
acid salt. The Henderson-Hasselbalch equation pre- 
dicts that a raised pH, as occurs with hyperventila- 
tion,| will increase the free base moiety. In addition, 
Kaufman et al found that for several narcotics an 
increase in pH results in an increase in drug čis- 
tribttion coefficient (apparent partition coefficient, 
octar>l/water)°. These changes could account fcr both 
the imcreased volume of distribution and the decreas- 
ed kz for sufentanil with hyperventilation. Our 
kinetic data indicate that sufentanil dosages should 
be ircreased in size but reduced in frequency in 
hyperventilated patients. 

Supported in part by a grant from Janssen 
Pharteaceutica. 
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oe Pharmacokinetic Parameters (Meant SD) 
SO SEEN EELS Farameters (Meant SD) 


Hyperventilated,n=5 Control,n=5 <P 


th elnin (min) 253459 119423. 0.005 
tk diz (min) 5,842.9 3.641.4 G1 
Clp tnl/min/kg)  14.544.4 17.442.7 0.4 
Vi (Ekg) 0.44+.15 394.22 6.4 
E cin 5.17#1.31 3.00+.79 0.01 
ko ain) .0359+.0132 .0584.0393 C.4 
es ./ncin) .1674.067 Dees eo C.4 
ky, @Œ/min) .0114+.0048 .0250+.0061 C.005 
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Introduction. The hemodynamic effect of Discussion. Dobutamine, a synthetic 
dobutamine in postcardiotomy patients with catecholamine, has been used since 1978 to provide 
pulmonary hypertension has not been clearly shown inotropic support in the postcardiopulmonary bypass 
before. The purpose of this study was to measure period. The effect ot dobutamine on HR and the 
changes in pulmonary artery pressure (PA), peripheral and pulmonary vasculatures is believed 
pulmonary vascular resistance index (PVRI), and to be minimal. This study demonstrated a marked 
pulmonary shunt flow (Q rQ) with dobutamine in increase in HR in a dose-dependent fashion in all 
patients with persisten? pulmonary hypertension and patients studied. The SVRI decreased as CI 
increased pulmonary tone in the postoperative increased, with no change in MAP, probably due to 
period. the reflex withdrawal of vascular tone as perfusion 

increased, rather than a direct effect. Patients 

Methods. Atter receiving institutional with mitral valve disease oftentimes have 
approval, we studied 10 patients undergoing mitral persistent pulmonary hypertension after valve 
valve replacement. No changes were made in the replacement, probably due to "fixed" anatomical 
usual anesthetic, surgical, cardiopulmonary bypass, changes in the pulmonary vessels. Other 
or Surgical ICU routine. EKG, systemic arterial investigators! have failed to show Significant 
pressure, and pulmonary artery pressure were changes in PA and PVRI with dobutamine using 
monitored continuously. Lett atrial pressure (LA) 5 ug/kg/min in this patient population. The fact 
was monitored in 7 patients and pulmonary capillary that dobutamine significantly increases Q./Q_ in 
wedge pressure (PCWP) in 2. Neither LA nor PCWP this study is supportive of a direct Bo effett on 
was obtainable in 1 patient (he was not included in pulmonary vessels, that is, vasodilating areas of 
analysis of PVRI). Arterial blood gas samples were the lung that are not ventilated. This can explain 
analyzed prior to and at the conclusion of the the decreased PVRI and the increased Qs/Q7 seen in 
study. Mixed venous blood gas samples were this study. 
analyzed in 5 patients. Within 24 hours after 
surgery, all vasoactive drugs were tapered off and References. 
baseline measurements of mean systemic arterial 
pressure (MAP), HR, PA, LA (or PCWP), central 1, DiSesa VJ, Brown E, Mudge GH, Collins JJ, Cohn 
venous pressure, and cardiac output using the LH: Hemodynamic comparison of dopamine and 
thermodilution technique were made. A continuous dobutamine in the postoperative volume-loaded, 
infusion of dobutamine, € yg/kg/min, was begun and pressure-loaded, and normal ventricle. J Thorac 
increased by 2.5 g/kg/min every 20 minutes to a Cardiovasc Surg 1982; 83:256. 


final concentration of 1C ug/kg/min. Hemodynamic 

measurements were recorded after 5, 7.5, and 

10 yg/kg/min. Cardiac index (CI), systemic Table 

vascular resistance index (SVRI), pulmonary ——_—_—_—_—_—_— —_ + 
vascular resistance index (PVRI), and Q,/Qy were 

calculated in the customary fashion. 


DOBUTAMINE 0 Sug/kg/min?.5 pig/kg/min 10 pig/kg/min 

Results. Data were analyzed by paired cI a ‘a b 
Student's t test (see Table). The systemic effects (L/min/m)  2.39Ł.14 3.00.18 3.514-23 SIRENIA 
of dobutamine were demonstrated in all patients by beatan ee aie eee Speen 
a significant increase in CI and a decrease in SVRI 
in a dose-dependent fashion. Of the 8 patients not feats) 14.442.5 74.542.7  75.143.0 73.443.4 
being artificially paced, HK also increased . 
significantly, actually necessitating stopping the eae a yar ra 17554111 15224110 14994109” 
study before the final concentration ot dobutamine = 
was given in 5 patients. The eftects of dobutamine (mmHa) 27.842.4 27.242.0 2942.9 26.243.7 
upon the pulmonary circulation were also notable. PVRI 5 > é b P 
Mean PA pressures did not change; however, PVRI (dyne*sec'cm /m ) 393-4t49.1 298.6458.9 277.9464.5 235.6+68.1 
decreased significantly in a dose-dependent 
fashion. None of the patients were hypoxic or 

* : : Values are mean + SEM.Analysis by paired Student's 't' Test. 

hypercarbic during the study period. Though 


: : ē p<.001 P p<.005 ¢ .05 
oxygenation was not remarkably affected, dobutamine d A Pa 


Significantly increased Q</07 in the 5 patients 
Studied (9.45% + 3.9 S.D.”to 18.35% + 8.37 S.D., 
p<.05). 
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Introduction. Three different delivery systems 
for oxygen were compared in pazients with lung disease 
presenting for diagnostic awake bronchoscopy. Oxygen 
samples were taken from the trachea. 


Methods. Ethical Committee approval and patient 
consent was obtained for nine patients (mean age 64 years, 
range 41-74 years) prior to premedication with intra- 
muscular papaveretum and atropine and insertion of 
z inch ribbon gauze soaked with 5% cocaine into both 
nostrils. A fibre optic bronchoscope was inserted, using 
4% lidocaine for nasal, pharyngeal and tracheal 
anaesthesia and diazemuls was used for patient sedation. 
A nose-carina length was obtained and after bronchoscopy 
a metal stylet was left in the trachea over which a 12 
gauge Argyle Aero-flo rolled tip suction catheter was 
Passed to rest 5 cm above the carina and fixed at the 
nostril. A calibrated MS2 mass spectrometer measured 
oxygen concentrations, a Datex CO.,/O. analyser 
measured carbon dioxide and a Devices recorder charted I 
results. Each patient breathed oxygen at 2 and 4 L/min 
through: 


1. Hudson mask (with an extra hole punched in the side 
for the sampling catheter), 

2. Hudson plastic nasal cannula, 

3. Argyle 10 gauge oxygen catheter (inserted 8 to 10 cm 
into the nostril containing the sampling tube). 


Delivery systems were used in a random order. When 
peak inspired oxygen concentration was steady during 
regular breathing, and with the same end expired CO., 
this peak concentration was used for results. Results 
were compared for the three delivery systems using 
Wilcoxon matched pairs signed ranks test. 


Results. For each variable performance delivery 
System there were large differences between patients 
in peak inspired concentration at each oxygen flow, 
which can be seen in the individual results in figures ! 
and 2. l 

At 2 L/min oxygen the nasal catheter gave best 
peak inspired oxygen percentage when compared to the 
nasal cannula (P<0.02). There was no difference between 
nasal cannula and_mask and nasal catheter and mask. 

At 4 L/min the nasal catheter performed best 
when compared to mask (P<0.02) and when compared to 
nasal cannula (P<0.01). There was no significant 
difference between nasal cannula and mask. 


Department of Anaesthetics, Kettering General Hospit}l, Northamptonshire, and Department of 
Respiratory Medicine, Royal United Hospital, Bath, U 


ted Kingdom. 






Miscussion. In this group of patients with vaso- 
constrmted nasal passages highest peak inspired oxygen 
rations were achieved using a nasal catheter. 
Differgnt wave forms of oxygen concentration are 
produced for each delivery system, which makes 
compatison difficult. The systems are variable perform- 
ance devices and inspired concentration of oxygen depends 
on the jpatients' tidal volume. 

t 4 L/min oxygen flow over 30% of oxygen :s 
delivered to the trachea, and the systems could be 
intercrangeable to allow for patient comfort, while 
maintaining adequate tracheal oxygen concentrations. 
Above # L/min ` oxygen flow the nasal catheter beccmes 
uncom jortable. 


igure | 2 L/min} oxygen 


% peak inspired oxygen 


catheter 


cannula mask 


Figure 2 4 L/min“! oxygen 


% peak inspired oxygen 





cannula mask catheter 
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Introduction: Traction on the abdominal mesentery is 
associated with decreased systemic vascular resis- 
tance(SVR), increased cardiac output(CO) and flush- 
ing of the head and neck (1). The mechanism of 
these hemodynamic and cutaneous findings suggest 
that they are mediated by the release of hormonal 
substances. The changes seen are consistent with 
generation of PGIo a potent vasodilator (2) released 
from the GI mucosa of man (3). We examined the po- 
tential role of prostacyclin in the hemodynamic 
changes associated with traction of the abdominal 
mesentery. 

METHODS:Eight ASA Class II-IV patients age 63-79 
years were studied after approval of the Institution- 
al Review Board and informed consent was obtained. 
All patients had a history of hypertension and arter- 
ioseclerotie cardiovasculer disease. Four patients 
were receiving beta blockers, and six others were 
receiving other antihypertensive agents. Patients 
were premedicated with 0.08 mg/kg of morphine sul- 
fate and glycopyrolate 0.2 mg IM one hour prior to 
the induction of anesthesia. Intravenous, radial 
artery and thermodilution pulmonary artery catheters 
were inserted. Heart rate (HR), systolic, diastolic 
and mean arterial pressure(MAP), systolic and dia- 
stolic pulmonary artery pressure, pulmonary capil- 
lary wedge pressure(PCWP), CO and central venous 
pressure(CVP) were recorced. Fentanyl 4-6 ug/kg IV 
and thiopental 4-6 mg/kg IV were utilized for induc- 
tion. Vecuronium 0.08 mg/kg facilitated endotracheal 
intubation and the patients were ventilated with 60% 
NoO in 09. Isoflurane was administered when clini- 
cally indicated by a 20% increase in HR or systemic 
blood pressure. Mesenteric traction was accom- 
plished by exteriorizing the small bowel and apply- 
ing retractors to allow exposure of the abdominal 
aorta. Hemodynamic measurements and 20 ml blood 
samples were obtained from the radial artery cathe- 
ter prior to induction, immediately prior to mesen- 
teric traction, and at 5, 15 and 30 minute intervals 
after the traction. Plasma was analyzed for 6-keto- 
PGFIa concentration by a radioimmunoassay method (4) 
Patient's plasma samples were also added to isolated 
helical strips of cat superior mesenteric arteries 
precontracted with 200 ng/ml of norepinephrine and 
the change in developed force was recorded. The 
stable prostacyclin analog iloprost was used as a 
reference standard. Single factor ANOVA for repeated 
measures and Duncan's range test were used to deter- 
mine the significance of differences among dependent 
variables. To determine the association between 
PGI concentrations and SVR or CO, a Pearson correla- 
tion coefficient was calculated for each patient and 
a sign test was applied to the r values. A P < 0.05 
was considered significant. Data is expressed as 
mean (+ SEM). 

RESULTS: Abdominal messenteric traction ceused a 
significant drop in MAP (p < 0.03) and SVR (p < 
0.005) at five minutes post-traction which returned 
to mean pre-traction values by 30 min. There was 
also a significant increase in 6-keto PGF,a concen- 
trations associated with mesenteric traction (Figure 
1). There was a significant direct association be- 
tween CO and 6 keto PGFIa levels (p < 0.01) anda 


significant indirect association between 6 keto 
PGFla and SVR (p < 0.01). Vasodilation occurred 
when the 5 minute plasma samples were added to the 
bathing medium of an isolated cat mesenteric artery 
preparation which had previously been constricted 
with norepinephrine. Norepinephrine (200 ng/ml) 
contracted the cat mesenteric artery strips by 1.56 
+ 0.13 grams of developed force in 10 isolated ves- 
sels. Control plasma from patients (pretraction 
sample) decreased developed force by only 0.12 + 
0.11 grams, whereas 5 minute post traction plasma 
reduced developed force by 0.563 + 0.092 grams in 6 
samples (p < 0.01 from control). All patients stud- 
ied developed erythema and flushing of the skin of 
the face which coincided with the fall in MAP. 
DISCUSSION:We previously demonstrated that the 
hemodynamic changes associated with traction on the 
abdominal mesentery resulted from a decrease in SVR 
with an increased co. ! However, we did not examine 
the basis for the decreased SVR. A humoral mechan- 
ism seems to.be the cause because every case was 
associated with flushing of the head and neck which 
dissipated 30 minutes after the onset of traction 
and coincided with the return of all hemodynamic 
variables to pre-traction values. These changes are 
consistent with generation of prostacyclin (2) since 
there was a consistent and statistically significant 
increase in 6-keto-PGF,a concentration (mean 9.0 + 
1.8 picomoles/ml) which was greatest in all but one 
patient at 5 minutes after mesenteric traction and 
decreased to low levels by 30 minutes post traction. 
There was a significant association between PGFya 
concentrations and CO and SVR. Prostacyclin's role 
in the hemodynamic response to mesenteric traction 
is further supported by the in vitro mesenteric ar- 
tery response to our plasma samples. These denervat— 
ed isolated arterial strips contract when exposed to 
norepinephrine (200 ng/ml). This response was sig- 
nificantly reversed by the addition of post traction 
plasma samples to the system. The response was very 
similar to that caused by the addition of iloprost 
(50 ng/ml), a stable prostacyclin analog. Our re- 
sults are consistent with our earlier hemodynamic 
findings associated with mesenteric traction, and 
can now be explained by generation of PGIo. 
REFERENCES 
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Lefer, et al. Science 200:52-54, 1978. 
Ruzsa, et al. FRCS Med Sci 12:528, 1974. 
Ingerman-Wojenski, et al. J Clin Invest 
67 :1292-1296, 1981. 


Hw Nh - 
. . œ 





p<o out p<001 p<oo2 


RA 
SV 7 


ele 
4 

ts 
z 
Z; 


sh 


4 boo 


N 


N 
WES 
WSS 


Plasma 6 keto ~ PGF,_ Concentration (pmol/mi 
w oO 
© N 


Pre- Pre- Smin 15min 30ne1 
Anesthesia Traction L — post-Traction 


ABSTRACTS 


® 
ANESTH ANALG S155 
1987:66:51-S191 


Title: AN EMG ANALYSIS OF RHYTHMIC MUSCULAR ACTIVITY DURING RECOVERY 


FROM ISOFLURANE ANESTHESIA 


Sessler DI, M.D.*, Israel |, B.S.°, Pozos R, Ph.D.°, Pozas M°, and Rubinstein E, M.D., Ph.D.” 
*Department of Anesthesia, UCSF, 94143, °Departmen. of egy: University of Minnesota, 


Authors: 
Affiliation: 


Duluth, and "Departments of Anesthesiology and Physio bgy, U 


INTRODUCTION: Rhythmic muscular activity (RMA) is common after 
anesthesia. First described following barbituate anesthetics in 1950,1 it 
has been observed after every type of general anesthesia. Post- 
operative RMA is often ascribed to thermoregulatory shivering? but this 
explanation is hard to reconcile with the finding that its incidence is 
independent of core temperature.3 RMA has also been attributed to 
spinal reflexes,4 pain,® sympathetic cveractivity, low-dose narcotics, 
pyrogen release, adrenal suppression, and respiratory alkalosis. The 
unknown etiology of RMA hampers prevention and treatment. This study 
was designed to evaluate the hypothasis that there are at least two 
separate mechanisms responsible for post-operative RMA. 


METHODS: With approval from the UCSF Committee on Human 
Subjects and informed consent, we investigated 9 ASA | or Il women 
[age: 3148 yr (SD)] who underwent elective laporoscopies or 
laporatomies. Four received diazepam (5 mg) prior to anesthesia and the 
others were not premedicated. They were anesthetized with 
isoflurane/oxygen: barbituates and narcotics were not administered. The 
patients were extubated "deep" and observed for 100 min during 
recovery. Every 10 min, we evaluated: 1) the rectal and average skin 
temperature® with Mon-a-Therm thermocouples 2) the end-tidal 
isoflurane concentration with gas chromatography 3) Clinically apparent 
clonus after plantar flexion on a scale of 0-2 (grade 1 <5 sec, grade 2>5 
sec) 4) the patient's sensation of cold or pain 5) Clinically apparent RMA 
on a scale of 0-2 (grade 1 = intermitent muscular activity, grade 2 = 
continuous activity). RMA was also monitored continuously with surface 
electrodes on 8 muscles and recorded by a Hewlett-Packard tape deck. 
EMG signals were analyzed for frequency and bursting pattern with 
autocorrelation and power spectral density software on a PDP-11 
computer. The signals from each musc’e were compared with clonus in 
unanesthetized patients with spinal cord transections (n = 2) and with 
cold-induced shivering in norma! control subjects (n = 7). In patients 
recovering from anesthesia, a regular, bursting, 6-8 hz activity was 
considered "EMG clonus" whereas irregular, rapid signals with poorly 
defined bursts were considered "EMG shivering". Nominal data was 


compared with x? contingency tab'e; p < 0.05 was considered 
significant. 


RESULTS: Fig 1 shows typical EMG signals in: A) normal cold-induced 
shivering, B) clonus after spinal cord transection, C) RMA early in 
recovery, D) RMA late in recovery, and E) clinically induced clonus. Fig 2 
shows the incidence of clinically apparent RMA, Clinically elicited clonus, 
and sensation of pain and cold plotted against end-tidal isoflurane 
concentration. Grade 2 clinically induced clonus was more frequently 
associated with EMG clonus than were grades 0 or 1 (p <0.05). 39% of 
the muscles monitored showed EMG clonus when grade 2 RMA was 
detected clinically; this compares with 22% in grade 1 RMA (p < 0.05). 
The incidence of EMG shivering and clonus were independent of both 
core and average skin temperatures. Pain severity was not correlated with 
RMA, EMG clonus, or EMG shivering. 


DISCUSSION: We observed two distinct patterns of post-anesthetic 
RMA. One was a rapid, irregular pattern similar to normal cold-induced 
shivering. The other was slower and regular, with a bursting pattern 
similar to clonus in patients with a spinal cord transection. This pattern was 
significantly correlated with grade 2 clinically elicited clonus and with 
grade 2 RMA. This pattern appears to be a normal emergence 


phenomenon, probably resulting when descending cortical contro! does 
not effectively inhibit normal spinal reflexes. These data suggest that a 
large fraction of intense post-anesthetic RMA may be spontaneous 
clonus. Warming measures may not be the most effective prevention or 
treatment for this muscular activity. 
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Fig 1: Typical EMG signals from the soleus muscle, in: A) normal cold- 
induce J shivering, B) clonus after spinal cord transection, C) RMA early in 
recovery, D) RMA late in recovery, and E) clinically induced clonus. The 
traces shown in panels C,D and E are from the same patient. 
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Fig 2: the incidence of clinically apparent RMA, clinically elicited clonus, 
and sepsation of pain and cold plotted against end-tidal isoflurane 


concensration. 


This 
Manuf 


rk was supported by grants from the Pharmaceutical 
turer's Association Foundation, O.N.R. grant N00014-84-K- 


0224, ik the UCSF Academic Senate Committee on Research. 


REFRENCES: 

A J. Quelques remarques sur les anesthesies intra-veineuses 

prolo . Anesth et Analg 7:161-165, 1950 

eck. Flacke WE. Inadvertent hypothermia: frequent, insidious, 

and often serious. Seminars in Anesthesia 2:185- 196, 1983 

3Peuse-yasdi S, Umpornpukdi S. Post-anesthetic shivering. J Med Ass 

in 66:212-219, 1983 

4solim in MG, Gillies DMM. Muscular hyperactivity after general 

anaesthesia. Canad Anaesth Soc J. 19:529-535, 1972 

else R. A Review of F luothane. S.A. Medical Journal. 31:1115- 
1118 |1957 

®Ramamathan NL. A new weighting system for mean surface temperature 

of the kuman body. J Appl Physiol 19:531-533, 1964 


e 
S156 ANESTH ANALG 
1987;66:51-S191 


Title: 


Authors: Sessler DI, M.0.*, Rubinstein E, M.D., Ph.D.” 


ABSTRACTS 


CORE TEMPERATURE CHANGES DURING NoO/FENTANYL AND HALOTHANE/O2 ANESTHESIA 


Affiliation: *Department of Anesthesia, UCSF, 94143, Departments of Anesthesiology and Physiology, UCLA 


INTRODUCTION: Hypothermia during general anesthesia 
is thought to result from both hypothalamic suppression 
(i.e. lower thermostatic setpoint) and environmental 
exposure!. Although the relative contribution of each 
mechanism is unknown, lowering of the setpoint is 
probably the dominant factor in operations with little 
environmental exposure. Under these circumstances, 
temperature might be better maintained with “light” (i.e. 
N20/narcotic) anesthesia than with a potent inhalation 


gas.2 Although this was demonstrated in one study,> 
others have not found a difference between the two 
methods.4,5 Previous results are difficult to interpret 
because of poor patient selection,5 heavy pre- 
medication,5.© operations with substantial environ- 
mental exposure,5.4.5 and differences in manegment 
between the two groups.5 This study was designed to 
evaluate the effect of two different anesthetic 
techniques on temperature regulation in patients with 
minimal environmental exposure. 


METHODS: With approval from the UCSF Committee on 
Human Subjects and informed consent, we investigated 
16 ASA | or II subjects [age: 50 + 16 yr (SD)J undergoing 
elective eye surgery scheduled to last more than 2 hr. 
These patients were not premedicated and had no fever, 
infection, or thyroid disease. All subjects were induced 
with 4 mg/kg sodium thiopental and 0.1 mg/kg 
pancuronium. They were randomly assigned to 
maintenance anesthesia with halothane/oxygen or 
nitrous oxide (70%)/fentanyl. Halothane concentration 
was adjusted to maintain an arterial blood pressure 80% 
of control. The fentanyl group received a loading dose of 
5 ug/kg, followed by an infusion of 2-3 ug/kg/hr. All 
patients were mechanicaily ventilated to maintain an 
end-tidal CO2 concentration between 35-40 mmHg. Fresh 


gas flow was 5 L/min and a humid-vent® artificial nose 
was placed in the circut. Warming blankets were not used 
and the room temperature was maintained at 20.7 + 1.2 
°C. Temperature was measured prior to induction, and 
every 15 minutes thereafter, with a Mon-a-Therm® 
thermocouple inserted 10 cm into the rectum. 


RESULTS: Fig 1 shows rectal temperature changes 
during induction and maintenance anesthesia. There were 
no significant differences between the N20/fentany] and 
halothane/Oz groups. In both groups, an initial 0.5°C 
decrease in the first 30 min was followed by a slow 
decline (0.15 °C/hr) that continued for 1.5 hr. After 2 hr 
of anesthesia, there were no further changes in core 
temperature. The temperature after 2.0 hr of anesthesia 
didnot correlate with patient age. 


DISCUSSION: Ophthalmic surgery is ideal for evaluating 
effects of anesthetics on temperature regulation because 
it imposes little physiological stress and patients are 
completely draped. Warm room temperature and airway 
humidification also helped decrease heat loss in this 
study. Since environmental exposure was minimal, 
temperature changes in these patients presumably 
resulted mainly from direct effects of the anesthetic 
drugs. The temperature decreased for 2.0 hr in both 
groups and then stabilized, indicating that the thermo- 
static setpoint was reached. The equilibrium temp- 
erature at 2.0 hr of anesthesia was identical in both 
groups, demonstrating that halothane/Oz and 


N20/fentany! anesthesia have simlar effects on 


thermoregulation. These data suggest that hypothalamic 
Suppression may be related to MAC rather than 
anesthetic type. 
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Fig 1: Rectal temperature in patients who received N20/fentanyl (A, n 
= 8) or halothane/02 (®, n = 8) anesthesia during eye surgery. Time 


zero is just prior to induction. Each point represents the mean + 
standard deviation. 
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Introduction. Preeclampsia and eclampsia occur 
during pregnancy between the 2Cth week of gestation 
and the first 24 hours postpartun(1). They remain 
among the major causes of maternal marbidity and 
mortality. In the,case of eclampsia, hyperreflexia 
often precedes the convulsion and requires magnesium 
sulfate therapy. However, hyperreflexia is also 
common in the early postanesthetic period following 
general anesthesia in surcical patients(2,3). 
Therefore, hyperreflexia in obstetric patients who 
have undergone general anesthesia can present a problem 
of differential diagnosis; is this hyperreflexia a 
manifestation of preeclampsis requiring treatment 
with magnesium sulfate, or is this merely a transient 
manifestation from general anesthesia? This study 
was undertaken to examine the incidence and tine 
course of such abnormal reflexes in precperatively 
normotensive parturients undergeing general anesthesia 
for cesarean section. 

Methods. Forty-five parturients (n=45) undergoing 
general anesthesia for cesarean section were studied. 
Cn admission to the labor and delivery suite, informed 
consent was obtained, and preoperative evaluations 
of blood pressure(BP), patellar tendon reflex, 
ankle clonus and urinalysis were performed. General 
anesthesia was induced with thiopental and 
succinylcholine using a rapid sequence inducticn 
techniques and maintained with nitrous oxide; oxygen 
and 0.5-0.75% enflurane. When there was evidence 
cf neuromuscular recovery from succinylchcline, 
d-tubocurarine was given. After the infant was 
delivered, anesthesia was supplemented with fentanyl» 
and enflurane was discontinued. Neuromuscular 
blockade was reversed with a mixture of neostigmine 
anc glycopyrrolates and adequacy of the reversal 
was confirmed by the ability of the patient to 
sustain head-lift for more than 5 seconds. EP, 
patellar reflex and ankle clonus were evaluated at 
16 minutes efter extubation, and thereafter every 30 
ninutes for the first 2 hours in the recovery 
room. Morphine sulfete was administered for 
postoperative pain relief ès needed. Hypertension 
was defined as a systolic BP >140 torr or diastolic 
BP >90 torr, measured by Dinamap. Pateliar reflex 
was graded as follows; C: absent, lt: hypoactive; 
2+: normal; 23+: increased, 4+: marked hyperactive 
with clenus. Ankle clonus was graded by the number 
of beats of clonus observed, and the clonus was 
considered sustained when there were mcre than ten 
beats. The perioperative values of BP» incidence of 
hyperreflexie and ankle clonus, and the time course 
af such reflexes were tabulated and analyzed. 

Results. Mean maternal eae was 29 years and 
mean gestational age was 38 weeks. The major 
indications for cesarean section were fete] distress, 
previcus cesarean section and dystocia. 
Preoperativelys all patients were norrotensive and 
mean BP was 119+12/72+8 tarr. Values of petellar 


reflex|were as follows: 14+ = 10 patients, 2+ = 31 
patients and 5+ = 4 patients. No ankle clonus was 
elicited in any patient. None of the patients 
shcvweq significant proteinuria (>1+). At 10 
minute; postextubation, the mean BP was 122+16/76414 
torr, and hypertension was noted in 15 patients 
(33%).| A hyperactive patellar reflex (>3+) was 
noted jin 27 patients (60%); and ankle clenus was 
elicited in 30 patients (662) with sustained 
clonus |in 1l patients (see table). At 120 minutes 
posteatubation, hyperreflexia had resolved 
spontenecusly in most patients. Ne sustained 
ankle plonus was elicited. However; one patient 
requir 2c magnesium sulfete therapy for hypertension 
(150/09 torr) and persistent hyperreftexie (2+ 
patellir reflex} 6 hours postpartum. 

Distussion. Mild te mederete hypertension 
and hiyperrefiexia including ankle clonus were 
commorlly noted in the immedizte post-anesthesia 
period | among unconp]icetec hen vae patients who 
had udergone general anesthesi Hypertens ion 
and hy rreflex iz resolved hese ee 
in a few hours in most patients. This hyperreflexia 
appeār to reflect transient physiologic changes 
attribmavable to extubaticn, emercence from general 
anesthesia and pain. Therefore, magnesium sul faze 
therap} may not be indicated fcr such hyperreflexia 
in tha early postanesthetic period unless the 
hyper raflexia is persistent end associated with other 
signs cf preeclampsias such as persistent hypertens ior 
or/and |significant proteinuria. 
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TABLE:| PERIOPERATIVE VALUES OF BP, PATELLAR 

E CLONUS 


PREOP POSTCPERATIYE 

lOmin 30min €0min 12Cmin 
SYSTOLIC BP 119417 132416 1286+14 127411 1224+12% 
DTASTOMIC BP 7248 76414 72+10 76ł}6 76+10* 
PATELLAR REFLEX (n=45) 





1+ 10 6 8 7 8 
2+ 31 12 14 22 29 
3+ å 21 22 16 8 
4+ 0 € l 0 0 
ANKLE CLONUS (n=45) 
NONE 45 15 19 27 37 
2-10 |BEATs 0 19 16 1E 8 
SUSTAINED Q 11 10 3 0 


* Mean Values +1 SD 
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Introduction. Tke venous system contri- 


butes importantly to control of circulation. 
A small change in verous capacitance may 
alter venous return to the heart. It has 
been shown that halothane (H) and isoflurane 
(I) depressed baroreflex control of heart 
rate, vascular resistance and sympathetic 
nerve activity (SNA)1, However, the 
influence of H and I on baroreflex control of 
venous capacitance is not known. The purpose 
of this study is to examine the effects of H 
and I on carotid sinus baroreflex control of 
vascular capacitance, vascular resistance and 
SNA in systemic circulation of the dog. 

Methods. Fourteen mongrel dogs (20-30kg) 
were anesthetized with sodium pentobarbital, 
intubated and mechanically ventilated. The 
left carotid sinus (CS) was vascularly iso- 
lated and perfused by a pump to permit rapid 
changes in CS pressure (CSP). The right CS 
was denervated and a bilateral vagotomy was 
performed. Cardiopulmonary bypass via a 
reservoir oxygenator was accomplished after 
median sternotomy. Reflex changes in vas- 
cular capacitance were assessed by changes in 
Systemic blood volume (SBV) which were ob- 
tained by measuring changes in venous return 
at constant cardiac output and constant cen- 
tral venous pressure. Venous return from the 
inferior vena cava, superior vena cava and 
right ventricle was measured using a Bio- 
tronix electromagnetic flow meter and probes. 
The left ventral ansa subclavian nerve was 
isolated to permit recording of efferent SNA. 
H and I (0.5, 1.0, 2.0 MAC) were added in the 
gas to the oxygenator. Arterial blood gases 
were maintained at PaOo»200 mmHg and 
PaCO» 30-40 mmHg. Changes in systemic 
blood pressure (SBP), SBV and SNA were ob- 
tained by increasing or decreasing CS pres- 
sure between 50 and 200 mmHg. 

Results. H (0.5, 1.0 and 2.0 MAC) de- 
creased SBP by 15+4, 26+5, and 41+5 mmHg 
(meant+SD), respectively. I (0.55. 10) sand 250 
MAC) decreased SBP by 12+7, 20+9 and 35+5 
mmHg, respectively. Increasing CSP caused 
decreases in SBP by :5-40 mmHg and increases 
in systemic SBV by 54-235 ml. The figures 
show reflex changes of SBP, SBV and SNA pro- 
duced by increasing CSP from 50 to 200 mmHg 
at the level of 1 and 2 MAC of H and I. Both 
H and I depressed reflex changes of SBP, SBV 
and SNA at 1 and 2 MAC compared to control. 
The depression of reflex changes of SBP elic-. 
ited by 1 and 2 MAC of H was greater than 
that by I (p<0.05, non-paired t-test). Re- 
flex changes of SBV were greater in 1 MAC of 
I than 1 MAC of H (p<0.05). The reflex 
change of SNA at 2 MAC of I was well pre- 
served compared to that of the SBP and SBV. 

Discussion. The results of this study 
indicate that both H and I depress baroreflex 
control of vascular capacitance as well as 
those of vascular resistance and SNA. 1 MAC 
of H is more depressant on baroreflex control 
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of vascular capacitance than 1 MAC of I. 
Although 2 MAC of H and I almost abolished 
baroreflex changes of vascular capacitance 
and resistance, I preserved baroreflex res- 
ponses of SNA. This difference between vas- 
cular and SNA responses may be accounted for 
by direct action of I on the vascular smooth 
muscle. In conclusion, this study suggests 
that H and I depress baroreflex control of 
vascular capacitance and resistance. This 
depression may be caused by decreased res- 
ponsiveness of vascular smooth muscle in 
addition to depression of the central 
nervous system. 


m REFLEX CHANGES (% CONTROL) 


7 $P 0.25 vs. H 


68 


58 


4a 


38 
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Introduction, Oxymorphone and fentanyl are 
potent, semi-synthetic narcotic analgesics that 
provide excellent analgesia, hemodynamic stability 
and negligible histamine release when used in 
general anesthesia. While fentanyl's short plasma 
half-life is appropriate for »brief surgical 
procedures, relatively large amounts of drug are 
required in the longer case, Under such 
circumstances, the prolonged duration of 
oxymorphone may substantially reduce the need for 
repeated dosing. Provided that efficacy and safety 
profiles are comparable, a significant oxymorphone 
Cost-advantage may be proportional to total case 
length. We present preliminary results of a 
carefully documented comparison in which a global 
peri- and postoperative assessment determined the 
actual efficacy, safety, and cost effectiveness of 
each agent. 

Methods. Following institutional approval, 
written informed consent was obtained from thirty 
patients (ASA PS 1-3) undergoing elective 
gynecological procedures with an anticipated 
duration of over two hours. Patients were 
randomized into two treatment groups following 
premedication with diazepam 0.1 mg/kg p.o. Based 
on a potency ratio of 10:1, patients received 
either fentanyl 7 mcg/kg or oxymorphone 70 mcg/kg 
in a blinded fashion prior to thiopental / 
succinylcnoline induction and laryngoscopy. 
Anesthesia maintenance included nitrous oxide and 
pancuronium, while additional narcotic 
administration (fentanyl 50 mcg, oxymorphone 500 
mcg) and vol % inspired isoflurane was administered 
at the discretion of a blinded anesthesiologist. 

‘Hemodynamic/respiratory measurements were 
precisely documented every 2-4 minutes using the 
Datascope Datatrac® automatic chart recorder. 
Average vol % inspired and MAC minutes isoflurane 
were calculated from the trends generated by a 
Perkin-Elmer mass spectrometer. Total drug use, 
assessment of the quality of induction, 
perioperative hemodynamic stability, and quality of 
emergence were assessed. This evaluation continued 
into the recovery period where degree of 
respiratory depression, pain, and total recovery 
stay were documented. 

Data were analyzed with three-way analysis of 
covariance. P values less than 0.05 were 
considered statistically significant. Results are 
expressed as mean + S.E.M. 

Results. Analysis of oxymorphone (n=13) and 
fentanyl (n=17) groups revealed no significant 
differences in patient age, height, or weight. 
Table 1 summarizes anesthetic, reversal, and 
postoperative analgesic requirements in relation to 
case length. 


Table |. 


Long Case (>120 min hort Case (<120 min) 
(n = 11) (n = 13) Pee 
aaa ere ; ox morphone Fentany] Q phone! Fentaryl 
eng esth. (min 93413.7* | 1618.5 | 11741.0*) 9943.9 
ota duction m) 6.72.4 | 65:3 555 


Sa [eS 
otal M jintenance tm eet .2e | 7-220 | RAAT 
otar Oe el ON a of e Te 
‘Ave Fra tion Expired Vo -36+.04 304.03 | 43+. T0" 48st 
otal n an o O O a e | Tes J+T.U 


otal M ychtne Oose : 
Recover_{ Analgesia (mg) 1.34.5 2.7+1.0* 0+0 4.5+2.0* 


(* significant p<.05) 
Results expressed as mean + $.2.M. 


In lòng anesthetic cases, significantly less Study 
drug [was required in the oxymorphone group (.17 
cc/kq) as compared with patients receiving fentanyl 
(.22 cc/kg); however, the reverse is true in the 
shorter cases, 

Tłe amount of volatile anesthetic requirec to 
achieje hemodynamic stability was Significantly 
reduc :d in the oxymorphone group even though total 
case jength was longer. 

Jerall quality of induction, maintenance, and 
postoferative analgesia was judged superior overall 
in t®e oxymorpnone group (decreased incidence of 
hypot !nsion and chest wall rigidity, decreased 
naint Inance administration, and PAR morphine 
raqui ements). 

I} contrast, speed of reemergence was more 
rapid; and less naloxone was required in the 
fenta ly] group, especially in cases less thar 120 
min. Ooserver assessment of these findings 
Suggested superior oxymorphone efficacy in long 
cases| while safety (as judged by respiratory 
deprejsion and total naloxone requirement) was 
tesse jed in the shorter procedures. 
scussion, The hypothesis that smaller 
amoun;S of an opioid having a long duration of 
activ|ty might provide a more cost effective 
adjunjt in general anesthesia than larger amounts 
of a|short acting agent was tested in patients 
under joing similar procedures with the same 
volatile anesthetic. Hemodynamic stability was 
reliajly achieved with either agent; however, in 
the |onger procedures, an increased amount of 
maint jnance narcotic, volatile anesthetic, and 
recovery room analgesic was required in the 
fenta ly! treated group. 

I} summary, oxymorphone is a safe, efficacious, 
cost |effective alternative to fentanyl in the 
longe operative procedure; however, increased 
naloxine requirements and longer recovery room stay 
Sugge jt that fentanyl is the superior agent in the 
short tr case, 


+ 
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Introduction: Morphine solution administered orally 
4 - hourly has been shown to be effective in 
controlling the chronic pain of advanced malignant 
disease (1). Sustained release morphine tablets have 
been used clinically for a few years (2) however there 
is limited pharmacokinetic data on the sustained 
release morphine tablets, and no controlled study has 
been conducted in patients with chronic cancer pain. 
The purpose of this study was to cefine and compare 
the steady-state pharmacokinetics of sustained 
release morphine sulphate tablets (SRMT) to oral 
morphine sulphate solution (MSS) at clinically 
effective doses in patients with chronic, severe pain 
of cancer origin. 


Methods: Following institutional approval and after 
obtaining informed consent 15 patients (8M & 7F) 
from 3 hospitals, aged 48-86 years (mean=59) with 
chronic pain due to cancer requiring opiates were 
included in the study. Patients with hepatic or renal 
insufficiency were excluded from the study, as were 
patients with intractable nausea & vomiting, or 
uncontrolled pain. The study followed a two-period, 
double-blind, randomized crossover trial design. Each 
patient completed both phases of the trial, with each 
phase lasting 5 to 7 days. Patients were randomly 
allocated to start the first treatment period with 
either the SRMT and placebo elixir. or the oral MSS 
and placebo tablets. At crossover patients then took 
the alternative test medication and the appropriate 
olacebo for the second period. 

The daily dose of morphine was individualized and 
equivalent daily doses of SRMT and MSS were 
administered during the active phase for each 
preparation. Morphine solution was given every four 
hours, and SRMT’s were given 12-hourly. No other 
opiods were administered during the course of the 
study. On the last day of each period, when a 
steady-state level of morphine was achieved, venous 
blood samples were collected through an indwelling 
catheter just before 10 AM. dosing, and every 30 min. 
thereafter through a 12 hour time interval. The 
olasma morphine concentration was determined using 
high performance liquid chromatography, allowing 
separation of morphine frorn morphine metabolites 


Results: All patients obtained good analgesia. The 
daily dose of morphine ranged from 60 to OO mg. per 
day (mean= 155 mg, 0.82-6.56 mg/kg/day). The mean 
plasma concentration-time curve for SRMT and MSS 
are shown in Fig. |. The area under the 
time-concentration curve (AUC) was calculated for 
each patient using the <rapezoidal rule. The mean 
plasma morphine leve! (MPL), the minumum morphine 
concentration (C. MIN), the maximum morphine 
concentration (C. MAX), and the ratio of minumum to 
maximum morphine concentration were calculated (C 
MIN/C. MAX) and the results summarized on Table 1. 
There was no significant difference between the 
tablets and solution with regard to oral 
bioavailability based on AUC, MPL, or C. MAX. The 
time to maximum concentration (T. MAX) was 


al Victoria Hospital, Montreal, Quebec; Montreal 
bec; Ottawa General Hospital, Ottawa, Ontario. 


significantly shorter (p<o002) for morphine 
solution (1.2#0.6 H) than for the sustained-release 
preparation (3.6+2.4H.). Tne C. MIN/C. MAX ratio just 
reached statistical significance between 
preparations. 


Discussion: The sustained-release morphine tablet 
provided sustained plasma morphine levels and 
effective pea over a 12 hour dosing interval in 
patients with chronic malignant pain. This 
preparation is a useful alternative to the standard 
morphine solution, particularly in the ambulatory 
patient in whom a longer dosing interval 1s desirable. 
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Fig 1 Maan plasma morphine concentration 
versus time curve far all patients during a 12 
hour dosing interval at steady-state 


Table 1. PHARMACOKINETIC DATA (ALL PTS.) 
- MEAN + ST. DEV. 


SRMT MSS 
AUCg.49 (ng/ml) 4192565 379269 NS 
M.P.L. (ng/ml) 34+ 30 31:22 NS 
T.MAX (H.) 3.6+2.4 1.2+0.6 P< 0.002 
C. MAX (ng/ml) 65+45 55431 NS 
C. MIN (ng/ml) |4+t7 16+15 NS 


C. MINZC. MAX 0.19+0.10 0.25+0.12 P< 0.04 
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INTRODUCTION. 

Many operative procedures of tne extremity are 
performed with a pneumatic tourniquet under regional 
anesthesia. However an intense burning pain develops 
at the tourniquet site 45-60 minutes after its inflation.! 
Various techniques have been used to treat this pain. 
but with little success.2-9 It is only relieved by deflation 
of the tourniquet. Mediation of this pain cannot be 
explained on the basis of the anatomical pathways as 
it occurs despite profound surgical anesthesia. Peripheral 
sympathetic afferent C-fibers which terminate in the 
substansia gelatinosa of the spinal cord Carry the 
unpleasant sensation of tourniquet pain.d The proposed 
transmitter at this primary synapse is substance P. 
Activation of C-fibers releases substance P. Opiates 
injected into the epidural or intrathecal space inhibit 
the release of substance P.4 ‘Therefore. it is possible 
that an opiate administered in the epidural space may 
alleviate lower extremity tourniquet pain. 

This study was done to assess the effect of epidural 
fentanyl on lower extremity tcurniquet pain when such 
pain develops in the presence of epidural anesthesia. 
Fentanyl was selected because of its greater dural 
permeability. faster onset. and shorter duration of action.2 
Respiratory depression has nat been reported with epidural 
fentanyl. 

METHODS: 

The study was approved by the Institutional Review 
Board. 14 ASA Class | patients between the ages 18-60 
years undergoing knee or ankle surgery were randomly 
selected from the elective orthopedic surgery schedule. 
Surgical procedures required the use of a tourniquet. 
Tourniquet pain was discussed with the patients 
preoperatively. The study was double blinded and divided 
into two groups. Following the development of tourniquet 
pain, one of the test solutions was injected through the 
epidural catheter, 

Group |: Received 10 ml of preservative free normal 

saline. 

Group lI: Received (100 wg) 2 mI of fentanyl in 8 

ml of preservative free normal! saline. 

All patients were premedicated with 10 mg of oral 
diazepam and received 10 ml/kg Ringer's lactate solution 
intravenously prior to the epidural anesthesia. Vital 
signs were monitored. Continuous lumbar epidural 
anesthesia was established using 2% xylocaine with 
1:200.000 epinephrine. The epidural catheter was placed 
and secured. Subsequent dosages of local anesthetic 
were injected through the epidural catheter. Anesthesia 
to pinprick was established up to Ty dermatome. The 
extremity to be operated upon was exsanguinated with 
an Esmarch bandage and the tourniquet was inflated 
to 350 mmHg. Changes in the vital signs, total tourniquet 
time, and onset of tourniquet pain were recorded. Test 
solutions were injected through the epidural catheter 
when patients complained of tourniquet pain. Persistence 
of pain 5-10 minutes after the injection necessitated 
induction of general anesthesia for completion of surgery. 
Ail patients were observed in the recovery room until 
the effects of the epidural anesthetic had dissipated 
and they complained of pain at the surgical site. 
Preliminary results are reported. 

RESULTS: 

Table 1 represents mean end standard deviations 
for age and weight. Table 2 represents mean and standard 







Standard deviations for onset o? tourniquet pain and total 
tourni juet time. 





Si Table 1. . npe 
Age [Yrs] Weight [Kg] 
J2.4 + 13.8 78 +10.3 
31.1 74 —— 704+ 95 
__dable2 O 

Onset of Pain Total Tourn quet 

Gr jup N (minutes) Time (minutes) 
y 61.2 + 21.5 68.2 + 17.9 
6 63.8 + 19.5 109.4 + 28.6 





ee a a a m e a e er r e eee ee ee ee 


Nome of the patients who received saline through the 
epidural catheter had any relief of tourniquet pain and 
ired general anesthesia. Five out of six patients 


adequete relief from pain. One patient in the Fentany! 


group | developed opruritis and was treated with 
diphen jydramine. Postoperatively no patients developed 
nause vomiting. urinary retention, or respiratory 
depres jion. 


intravascular injection of local anesthetic through 
dural catheter and surcery was completed under 


the e 
genera anesthesia. In the other three patients tourniquet 
time 


s less than 45 minutes. 





treats nor prevents tourniquet pain. Until now 
zment of tourniquet pain has met with little success. 
Opiates administered alone in the epidural space produce 
inadeq jate anesthesia for surgery. Therefore. petients 
undergping prolonged operative procedures with a tourniquet 
on thg lower exremity are given a general anesthetic. 
This study shows that 100 ug of fentanyl injected epicurally 
is effmctive in the treatment of tourniquet pain which 
occurs | despite adequate surgical anesthesia. Epidural 
anesth ¿sia with a combination of xylocaine and fentanyl 
will alow these procedures to be done free of tourniquet 
pain. No interaction has been reported between xylacaine 
and fantany! administered in the epidural space. The 
technique seems promising and further study is continuing. 
Develcpment of delayed complications following epidural 
opiates is a possibility though none occurred in the ten 
patien-s studied. 
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Introduction. Malignant hyperthermia (MH) is 3. Solomons and Masson; Acta Anaesthesiol. Scand., 
a genetic disorder in which halogenated anesthetics 1984; 28:185. 
and succinylcholine can trigger rhabdomyolysis as a 4, Basrur et al: Scanning Electron Microscopy, 
consequence of rigor of the skeletal muscles. This 1983, pp 209. 
abnormality can be diagnosed in the affected in- 5. Worner et al. J. Ultrastruc. Res., 1981, 75:259. 


dividuals by muscle biopsy and halothane and/or 
caffeine contracture test with good selectivity and 
sensitivity.!»2 The conduct of this essay, however, 
is time consuming and expensive. 


Methods. Freshly obtained platelets of 5 
known M.H. probands, their relatives and normal 
volunteers were exposed to 2.5% halothane in a 
platelet rich concentrate and the ATP, AMP and hypo- 
xantine content were measured as previously describ- 
ed. The morphologic changes of platelets of these 
na Ty luat was also studied by the method of Basrur 
et al. 


Results and Discussion. In vitro exposure to 
halothane of platelet-rich plasma from M.H. patients 
results in a significantly altered nucleotide pro- ve" 
file as measured by HPLC. Computer-assisted 3-D re- FIGURE 1. NORMAL PLATELET EXPOSED TO HALOTHANE 
constructions of serial thin sections reveal loss of 
the microtubular band, rounding of the cells, marked 
degranulation, extreme dilation of the open (surface- 
connected) canalicular membrane system: (OCS), and 
probably cytoplasmic contraction. Platelet aggrega- 
tion and the formation of microvillar projections do 
not occur. All described changes are absent from 
control platelets after exposure to halothane. (see 
fig 1 2) These morphological observations resemble 
those seen in M.H. susceptible pigs exposed in vivo 
to halothane. Similar disturbances of EM morphology 
occur when intracellular calcium distribution is ex- 
perimentally altered.” Degranulation and dilation of 
the OCS in platelets from M.H. patients are results 
consistent with release of calcium from membrane- 
limited compartments into the ground substance. 

They always correlate with a significantly altered 
nucleotide profile, are irreversible, and are in- 
terpreted as corresponding to a state of rigor in 
muscle. The use of platelets as a model for the FIGURE 2. MH PROBANDS, PLATELETS (SWISS-CHEESE) PLATLETS. 
study of M.H. is supported by the EM findings. 
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Introduction: It has been suggested that because of 
its well known association with postoperative pain 
(PP) in ambulatory patients, succinylcholine (SDC) 
should not be used for these cases. Although Pearce 
et al. (1) stated that atracurium (ATR) is a good 
alternative to SDC for outpatients, Collins et al. 
(2) have shown that 79.6% of ambulant laparoscopy 
patients complained of PP even when SDC was not used. 
We sought to determine if ATR or vecuronium (VEC) 
offered any advantage over SDC for the prevention of 
PP, sore throat and the need for analgesics. 


Methods: After approval by our Human Studies Re- 
search Committee, 35 ASA Class I or II females under- 
going outpatient laparoscopy were selected. All 
patients received fentanyl 50-150 ug and glycopyro- 
late 0.2 mg when their IV's were Started, and were 
randomly assigned to 3 groups. After induction with 
thiopental, Group 1 (n=9) received 0.40 mg/kg ATR; 
group 2 (n=13) received 0.08 yz/kg VEC and Group 3 
(n=13) received SDC 1 mg/kg followed by a SDC infu- 
Sion. The investigators were blinded as to the re- 
laxant given. All patients underwent endotracheal 
intubation with unlubricated styletted tubes. Oro- 
pharyngeal airways and esophageal stethoscopes were 
used when judged clinically necessary. Anesthesia 
was maintained with an inspired concentration of up 
to 1.2% isoflurane in 70% N20/30% O>. Groups 1 and 
2 were reversed with neostigmine 0.04 mg/kg and gly- 
copyrolate 0.5 mg after surgery. Patients were con- 
tacted on the day after Surgery by an investigator 
blinded to the relaxant used. Analgesic usage and 
complaints of pain and sore throat were determined. 
The data were analyzed by ANOVA and Fisher's Exact 
Probability Test. A P < 0.05 was considered Signifi- 
cant. 


Results: The results of the study are summarized in 
Tabie 1. There were no significant differences 
among the groups in terms of age, weight or duration 
of surgery. Postoperative pain was seen in 89% of 
Group 1 and 77% of Group 2 patients. It was noted 
in 92% of those in Group 3. These differences were 
not statistically significant. The back, shoulder 
and abdomen were the sites most frequently affected. 
There were no significant differences among the 
groups in the distribution or intensity of PP. Sore 
throat was observed in 75% of Group 1 patients and 
75% and 100% of those in Groups 2 and 3 respectively. 
Here again, there were no Statistically significant 
differences among the groups. Analgesics were used 
by 56% of Group 1 patients postoperatively. They 
were taken by 23% of Group 2 patients and 75% of 
Group 3 patients. Only the difference between 
Groups 2 and 3 was significant (p < 0.05). These 
med-cations included acetaminophen and non-steroidal 
anti-inflammatory preparations in most cases, 


Discussion: Since its introduczion, SDC has been 
shown to cause a high incidence of PP after many 
types of surgery especially when no defasciculant 
was used. Ambulant young females are at high risk 


for trese complications. We contacted our patierts 
on the day after surgery since this time corresponds 
to the highest incidence of PP when SDC or nondepo- 
larizers (2) are used. 

Our results confirm previous investigations (2) 
showi that outpatient laparoscopy carries a high 
morbicity. In this study, SD? did not contribute to 
a higrer incidence of PP or sore throat. These find- 
ings ere at variance with those of Skacel et al. (3) 
who als0 compared SDC and ATR for outpatient laparos- 
copy. |However, they did not use a Standardized anes- 
thetic technique for both groups. Our findings also 
disagrpe with those of Caplan et al. (4) who found a 
higher| incidence of sore throat after SDC in non 
intubeéted patients. 

SDC nas been shown to provide for much better fa- 
cilitæion of endotracheal intubation as comparec to 
ATR a VEC in doses allowable for short procedures. 
Furthepmore, difficulties may arise in reversal cf 
nondepplarizers after short cases. These results 
show at SDC is an attractive alternative to VEC or 
ATR f outpatient laparoscopy. 


TABLE 1 





i Sigmificant difference p < 0.05, group 2 vs. 3 
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nylholine-induced postoperative sore throat. 
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Introduction: Postoperative visual disturbances such 
as double vision may affect up to 71% of patients 
who have received long azting nondepolarizering mus- 
cle relaxants (1). These disturbances may be espe- 
cially serious for outpatients. Ina comparison of 
atracurium (ATR) and alcuronium, Collins et al. (2) 
found significantly less postoperative double vision 
with the former. Extraocular muscle tone (EMT) may 
be quantitated using the Maddox wing test (3), a 
simple hand held device. This study was designed to 
compare EMT after the new shorter acting nondepolar- 
izers ATR and vecuronium (VEC) with succinylcholine 
(SDC) in outpatients after a standardized anesthetic 
technique. 


Methods: After approval by the Human Subjects Re- 
search Committee, 35 ASA Class I or II females under- 
going outpatient laparoscopy were selected. All 
patients received fentanyl 50-150 ug and glycopy- 
rolate 0.2 mg when their IV's were started. After 
baseline Maddox readings, they were randomly 
assigned to 3 groups. Following induction with thio- 
pental, Group 1 (n=8) received 0.40 mg/kg ATR; Group 
2 (n=14) received 0.08 mg/kg VEC and Group 3 (n=13) 
received SDC 1 mg/kg followed by a SDC infusion. 

The patients' eyes were taped during surgery, how- 
ever nothing was instilled. The investigators were 
blinded as to the relaxant given. All patients un- 
derwent endotracheal intubation. Anesthesia was 
maintained with isoflurane up to 1.2% inspired in 
70% No0/30% Op. Groups 1 and 2 were reversed with 
neostigmine 0.4 mg/kg and glycopyrolate 0.5 mg after 
surgery. Starting 30 min after surgery and each 30 
min thereafter until discharge, Maddox readings were 
obtained. Patients requiring eyeglasses used them. 
Multiple readings were averaged. Patients were con- 
tacted on the day after surgery regarding postopera- 
tive morbidity by an investigator blinded to the 
relaxant used. The differences among the groups and 
the differences within each group as a function of 
time (repeated measures) were tested by ANOVA fol- 
lowed by Duncan's multiple range test. Ap < 0.05 
was considered significant. The data are presented 
as mean + S.D, 


Results: The results of the study are summarized in 
Table 1. There were no statistically significant 
differences among the groups in terms of age, dura- 
tion of surgery or weight. All patients were able 
to sustain 5 sec head lift in the recovery room and 
all were oriented within 30 min. Maddox readings 
were highest 30 min after surgery. All had declined 
to readings which were not significantly different 
from preop readings by 1.5 hr. There were no sta- 
tistically significant differences among the groups 
at any time. No patient complained of diplopia on 
the day of surgery or on postoperative day 1. 


Discussion: Hannington-Kiff (4) noted that patients 
receiving gallamine had changes in their Maddox read- 
ings for 3 hours after surgery even though the relax- 
ant had been reversed. Those receiving SDC had a 
rapid restoration of these readings. During this 
postoperative period neither group of his patients 


was clinically paralyzed. Aromma (5), also using 
the Maddox test, showed that outpatients receiving 
alcuronium had changes in EMT after surgery while 
those who received no nondepolarizers did not. 

Our results show that ATR and VEC result in restor- 
ation of Maddox readings just as rapidly as SDC. 
This should enable patients to return to their base- 
line pre-anesthetiec state with any of the relaxants 
used here without diplopia. These findings are in 
accord with those of Skacel et al. (6) who found no 
significant difference in the frequency of diplopia 
between laparoscopy patients receiving ATR and SDC. 
The rapid decline in serum levels of ATR and VEC 
compared to longer acting relaxants such as galla- 
mine or alcuronium is probably responsible for these 
observations because of the extreme sensitivity of 
the extra-ocular muscles to relaxants. 


Table 1 
Group 1(n=8) 2(n=14) 3(n=13) 
Relaxant ATR VEC SDC 
TIME MADDOX READINGS* 
Pre-op 2.2 + 2.0 0.5 + 4.3 1.9 1.3 
Post-op (hrs) 
0.5 10.8 + 3.98 8.7 +6.30 12.8 + 4.5¢ 
1.0 6.6 + 6.8 5.6 + 5.4 9.0 + 5.0° 
1.5 4.8 + 4.3 4.2 + 5.0 6.5 ż 5.5 
2.0 4.9 + 5.5 3.6 + 4.5 5.0 + 4.8 
2.5 5.3 + 5.4 3.0 + 4.7 4.8 + 4.6 
3.0 5.1 45.7 3.5 + 3.8 5.6 + 5.0 
3.5 3.6 + 3.4 3.3 + 3.9 4.2 + 4.3 
4.0 4.1 + 2.7 0.5 Ł 3.3 4.4 + 5.3 
4.5 5.3 + 3.1 1.4 + 3.2 3.1 45.8 


*Multiple readings have been averaged. Means + S.D. 
a - different at p < 0.01 from its baseline. 

b — different at p < 0.003 from its baseline. 

C - different at p < 0.001 from its baseline. 
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INTRODUCTION. Amnesia for unpleasant 
experiences, reduction of anxiety, and sedation are major 
aims of premedication.! The purpose of this randomized 
double-blinded placebo controlled study was to compare 
the anxiolytic, amnestic, and sedative effects of triazolam, 
a new benzodiazepine, to diazepam. 


METHODS. Following Institutional Review Board 
approval and informed consent, 60 ASA class 1-3 male 
veterans undergoing intermediate duration surgical 
procedures were prospectively studied using tests designed 
to measure physical responsiveness, mental alertness, 
memory functioning, and reported level of anxiety, preop, 
immediately prior to anesthetic induction (OR), and 
postop. Either triazolam 0.5 mg, diazepam 10 mg, or 
placebo was administered orally 90 minutes preceding OR 
to three groups of twenty patients. Physical 
responsiveness was measured by independent observer 
ratings of wakefulness (sedation) using a modified 
Stanford Sleepiness Scale and patients’ ability to follow 
directions throughout testing. Mental alertness was 
assessed by the Finger Tapping Test to measure gross 
motor speed and the Grooved Pegboard Test to measure 
fine visual-motor coordination. Short-term memory was 
evaluated with the Digit Span Subtest of the WAIS-R2; 
long-term memory for events pre-OR was tested with 
memory cards. Patients’ level of anxiety was measured 
with the State-Trait Anxiety Inventory (STAI).2 Only 
those whose initial tests indicated above average anxiety 
were included in the study. All tests were administered by 
the same technician. Anesthesia was induced with fentanyl 
50-100 mcg, thiamylal 4 mg/kg, and lidocaine 1.5 mg/kg 
and, following muscle relaxation and intubation, was 
maintained with isoflurane, nitrous oxide, and oxygen. 


RESULTS. Repeated measures analysis of variance 
(ANOVA) and nonparametric ANOVA methods were used 
to analyze the data. No significant difference in 
wakefulness was observed among the three groups two 
hours prior to OR. Following drug administration, 
triazolam and diazepam produced significant sedation 
compared to placebo controls (p < .01) at OR and in the 
recovery room (Figure 1). Although the triazolam group 
experienced some difficulty moving themselves from the 
gurney to the operating table, no difference in following 
directions during testing was observed. No significant 
difference in finger tapping was observed among the three 
groups at any measurement time. However, patients in the 
triazolam group required significantly more time to 
complete the grooved pegboard task (p < .05) than the 
other two groups at OR. Mean digit span scores were 
significantly depressed in the triazolam group compared to 
the other two groups (p < .01) at OR but no differences 
between the groups were observed 24 hours pre or postop 
(Figure 2). In the memory card test, only 27.3% of the 
triazolam group could recall a stimulus word compared to 
80% of the diazepam group and 100% of the placebo 
group 24 hours postop. In the riazolam group 44% were 
able to recall a figure stimulus yersus 90% in the diazepam 





group und 100% in the placebo group at that time. No 
differemces among the three groups' mean anxiety levels at 
each n-pasurement point were observed. However, when 
each pxtient was used as his own control, a significant 
reducti-gr. in anxiety level occurred in both the triazolam (p 
< .05) 4nd diazepam groups (p<.01) from 24 hours preop 
toOR but not in the placebo group. 


DISCWSSION. The authors concluded that triazolam 
was ajuseful oral premedication since it provided 
compa-aole levels of anxiolysis and sedation, as well as, 
greate] amnesia of events during the immediate 
perioporative period when compared to the effects of 
diazep 
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Introduction. Calcium channel blocking drugs 
(CaChB) are frequently used in the treatment of 
patients with angina pectoris. Many of these 
patients present to surgery for coronary artery 
bypass grafting (CABG). Calcium chloride (CaCl) 
is routinely administered during surgery shortly 
before weaning from cardiopulmonary bypass (CPB). 
However, objective data concerning plasma calcium 
levels (Catt) and dose requirement of CaCl, during 
this period are lacking. Moreover, the influence 
of the presence of CaChB on the intraoperative 
management of these parameters is unclear. This 
study was undertaken to determine if CABG patients 
on CaChB were managed differently with respect to 
CaCl» administration than patients not on these 
drugs, ard what effect this may have had on the 
process of weaning from CPB. 

Materials and Methods. Records of patients who 
underwent CABG at our institution during 1985 were 
reviewed. 38 patients with the following preopera-— 
tive profile were selected: 1) no recent history 
of congestive heart failure or inotrope 
administration, 2) left ventricular ejection frac- 
tion > 40% by MUGA scan, echocardiography, or left 
ventricular cineangiography. These patients were 
then grouped according to the presence and/or time 
of administration of CaChB prior to CABG surgery. 
Non-CaBlk patients (n=18) had not received CaChB 
within 24 hours of surgery, while CaBlk patients 
(n=20) were on CaChB (diltiazem 30-90 mg. PO Q6h or 
nifedipine 20-30 mg. PO Q8h) and had received their 
usual dose on the morning of surgery. Data col- 
lected for comparison between groups included: 
patient age, severity cf coronary artery disease, 
clinical classification of angina, anti-anginal 
therapy other than CaChB (nitrates, beta blockers, 
intra-aortic balloon pump (IABP)), duration of CPB 
and aortic cross-clamping (AoX), CaCl» dose given 
prior to weaning from CPB (CaCl g and within 30 
minutes afterwards (CaCl5post A, (measured 
either as the ionized fraction on if or as the 
total plasma level (fattT)) both before the 
CaCl5CPB dose and immediately after CPB weaning. 
Scadent’ s T-test for unpaired data or analysis of 
covariance was applied where appropriate. Com- 
parisons were considered significantly different at 
the p < 0.05 level. 

Results. The mean age of patients in each group 
was Similar: Non-CaBlk, 62.0 years (range 39-77), 
CaBlk, 64.3 years (range 56-75). 15 patients in 
each group had significant left main or severe 
three vessel coronary artery disease. 724 of the 
Non-CaBlk patients and 75% of the CaBlk patients 
were classified as having unstable angina. All pa- 
tients had similar incuction and management of 
general anesthesia: high dose narcotics (fentanyl 
or sufentanil), muscle relaxants, and supplemental 
isoflurane. All patients were hemodynamically 
stable during the induction period and prior to in- 
stitution of CPB. Routine non-pulsatile CPB, hypo- 
thermia (20-25° C.), and cold potassium cardio- 
plegia during AoX were utilized. Tables 1 - 5 sum- 
marize several categories of data collected. Be- 


tween patient groups, there was no significant dif- 
ference in other anti~anginal therapy, durations of 
CPB or AoX, CaCl, dose either pre- or post-CPB, or 
Catt levels pre- or post-CPB. Interestingly, 78% 
of Non—CaBlk patients and 704% of CaBlk patients 
were hypercalemic immediately post-CPB, whether 
measured as Ca‘‘i or Ca™'T. A similar number of 
patients in each group received inotropic support 
post-CPB. One patient from each group failed the 
initial attempt to wean from CPB and required in- 
stitution of IABP. One intraoperative death oc- 
curred in the Non-CaBlk group only. 

Discussion. The parameters examined in this 
study are among the possible predictors of the 
success of weaning from CPB. These variables 
proved to be strikingly similar between patient 
groups. Our findings that no additional CaCl, was 
given to the patients on CGaChB and that this group 
had the same success in being removed from CPB as 
the Non-CaBlk group suggest that special considera- 
tion or planning for calcium administration in 
CaBlk patients is unnecessary. Moreover, the fact 
that hypercalcemia was noted in a majority of 
patients in both groups in the immediate post-—CPB 
period and the potential hazards of calcium in 
reperfused myocardium would suggest caution in ad- 
ministering CaCl» during this period. 


Table 1. Other Anti-anginal Therapy (% of patients) 








Nitrates Beta-—Blockers IABP 
Non-CaBlk 100 94 11 
CaBlk 100 90 10 
Table 2. CPB and AoX Times (minutes, mean+SEM) 
CPB AoX 
Non-CaBlk 141413 65+4 
CaBlk 12747 66+4 
Table 3. CaCl Administration (grams, mean+SEM) 
CaC15CPB gat post Total 
Non-CaBlk 2.74 Pa 3.540.3 
CaBlk 2.940.2 i a É 3.6+0.3 


Table 4. Catti/Cat*T Levels (mean+SEM) 


(mmol/L Catti, normal 1.1-1.3) 
(mg/dL CattT, normal 8.8-10.4) 
Pre CaCl CPB Post CPB 


Non-CaBlk Sate ,(n=10)  1.08+0.02 1.4540.07 
att (n=8) 6.94+0.3 12.3+0.1 

CaBlk Cat+i,(n=10) 1.10+0.03 1.6240.10 
Cat*T,(n=10) = 7.240.3 11.440.4 


Table 5. Support during CPB Weaning (% of patients) 


Inotropes Intraoperative IABP 
Non-CaBlk 61 6 


CaBlk 55 5 
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Introduction. Combinations of nondepolarizing 
muscle relaxants have been employed in numerous 
laboratory and clinical studies. One reported 
advantage is more rapid recovery from the same 
degree of block in patients given potentiating 
relaxant combinations than those given a single 
relaxant (1,2). This study prospectively 
investigated this phenomenon in patients given a 
combination of atracurium and vecuronium. 


Methods and Materials. The study protocol was 
approved by the institution's Human Investigation 
Cormittee, and written informed consent was obtained 
from all patients. The subjects were 30 adult 
patients, ASA physical status 1 or 2. No 
premedication was given. Anesthesia was induced 
with thiopental 4-6 mg/kg IV and maintained with 
fentanyl 3-5 ug/kg IV and N20, 67% in Oo. 
Neuromuscular blockade was monitored with a force 
transducer which measured adductor pollicus twitch 
tension in response to supramaximal ulnar nerve 
stimulation at 0.15 Hz delivered for 0.15 ms via 
25-gauge needles placed subcutaneously. Patients 
were allocated randomly by lot (10 patients/ group) 
to receive either atracurium (0.5 mg/kg), vecuronium 
(0.1 mg/kg), or atracurium (0.125 mg/kg) followed 
immediately by vecuronium (0.025 mg/kg). Times to 
initial twitch depression and to maximum twitch 
depression, as well as the magnitude of 
neuromuscular block produced, were measured, as were 
times to 10, 25, 50, 75, and 30% recovery of initial 
twitch height. Statistical analysis was performed 
using one-way analysis of variance (ANOVA); groups 
which differed significantly by ANOVA were tested 
with two-tailed t-tests (Bonfarroni correction) to 
determine differences between groups, with p<0.05 
considered significant. 


Results. Mean ages and weights did not differ 
significantly between the three groups. All patients 
had 100% neuromuscular block, and times to initial 
and maximal twitch height depression did not differ 
significantly between any of the groups. Profiles 
of twitch height recovery are shown in the table. 
Recovery to 10, 25, 50, and 99% of control twitch 
height was significantly faster in the group 
receiving the atracurium/vecuronium combination 
than in either of the other two groups. 


Discussion. Two studies employing combinations 
of nondepolarizing relaxants--pancuronium/metocurine 
(1) or pancuronium/d-tubocurarine (2)--demonstrated 
no significant differences in onset time or maximum 
block between patients receiving single or combined 
relaxants. However, the smaller individual relaxant 
doses in patients receiving relaxant combinations 
were associated with less hemodynamic change. These 
Studies demonstrated that time to 25% recovery of 
twitch height was significantly shorter in groups 
receiving combinations than in those receiving a 
Single relaxant (1,2). The rasults of the present 
study extend these observations to the combination 
of atracurium and vecuronium. Relevant clinically, 
as well as statistically significant, was the 
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faster recovery of twitch tension in the 


notab 

group jreceiving combined atracurium and vecuronium 
(Tabi. Thus, neuromuscular block in patients 
receij-ng a combined atracurium/vecuronium reginen 
was rejedily reversible (i.e., spontaneous recovery 
to 10! of control twitch height) 10-15 min earlier 
than |p patients receiving an intubating dose o 
eithe į atracurium or vecuronium alone. Similarly, 
spont jmeous recovery to 90% of control twitch height 
occur jed almost 20 minutes faster, approximately 33% 
more japidly, in the group receiving the atracurium/ 
vecur imjum combination than in either group 

reret ng a single relaxant. The markedly shortened 
recov iry time observed with the combination of 

atrac Irium and vecuronium may be of value in 

situa lons where a brief duration of profound 

relax izion is required, for instance, for short 
surgi jal procedures or in the outpatient setting. 


| Time(min) to % recovery from neuromuscular block 


Relaxa t and 


. 
b 





Table Recovery following atracurium {atr.) 0.5 mg/kg, vecuronium (vec. ) 
0 


-1 mg/kg, or atracurium 0.125 mg/kg + vecuronium 0.025 mg/ka. 


dose (rgvkg) 10% 25% 50% 75% 90% 
Atracu ium 0.5 4242 4842 54+2 6042 6622 
Vecuro jium 0.1 3822 43+2 5023 58+4 66+4 


Atr. 0 Tak + Vec. 0.025 2721* 32+1* 38+2* 4322+ 48+2* 
Values ‘are mean + SEM 


*p<0.04 vs. atracurium 0.5 mg/kg and vecuronium 0.1 mg/kg groups 
tp<0.0) ¢s. atracurium 0.5 mg/kg group 


teaferences. 


a 


l. Lbdowitz PW, Ramsey FM, Savarese JJ, Ali HH, 


l ° è š 
and d2Bros FM. Combination of pancuronium and 
metoc i“ine: neuromuscular and hemodynamic 
advaniages over pancuronium alone. Anesth Analg 


1981; |50:12. 


2. Mi~akhur RK, Pandit SK, Ferres CJ, and Gibson 


FM. Jime course of muscle relaxation with a 


combi ation of pancuronium and d-tubocurarine, : 
Anesta Analg 1984; 63:437. 
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Introduction: Uptimal anesthetic management 
of children with cyanotic congenital neart 
disease (CCHD) should minimize decreases in 
arterial oxygen saturation (Sao). 

Preoxygenation and induction of anesthesia with 
100% oxygen have been shown to have a beneficial 
effect on Sa0> in these onildren.! However, 

the effect of premedication on Saup in children 
with CCHD has not been studied. Therefore, we 
investigated the effect of premedication on 
SaQv in cnildren with cyanotic congenital neart 
disease. 

Methods: Following ethical committee 
approval, seven children with CCHD presenting for 
eiective cardiace surgery were studied. Each 
eniid was his/her own control and was studied 
during two 90 minute periods: 1) control - 
commencing 25% hours prior to surgery (day 1); 

2) study - commencing 14 hours prior to surgery 
(day 2). On day 2, each child was premedicated 
with pentobarbitone 2 mg/kg orally or rectally 99 
minutes preoperatively (time 9), and morphine 9.2 
ng/kg and atropine 0.92 mg/kg intramuseulariy 40 
minutes preoperatively (time 30 minutes). Sao 
and neart rate (HR) were continuously recorded 
during each period using a pulse oximeter sensor 
(Nelleor Pulse Oximeter) firmly attached to the 
great toe. Saü and Hk data were analyzed at 3 
minute intervals during each period. The mean 
values for each patient on days 1 and 2 were 
compared using the Studenz's paired t-test. The 
mean values for all patients at times 0, 30, 60, 
and 90 minutes after tne preoperative 
pentobarbitone on days 1 and 2 were compared at 
each of the four times using the Student's 
unpaired t-test. ‘Statistical significance was 
accepted as p < 0.05. 

Results: The mean (+SEM) age and weight for 
the seven children were 64.65 (+5.4) months and 
18.2 (41.5) kg respectively. All patients were 
cyanotic with a mean (+SEM) hemoglobin 
concentration of 173 (+8.6) g/litre. The 
indications for surgery included repair of 
tetralogy of Fallot (5 patients), Mustard repair 
for transposition of great arteries together with 
repair of VSD (1) and Fontan procedure for 
univentricular heart (1). The mean values of 
SaJ for each chila on days 1 and 2 (Table 1) 

did not differ significanzly. However, there 
were significant changes in HR in 4 children on 
day 2. The mean values of SaUp and HR for all 

7 children at the four times on days 1 and 2 
(Table 2) differed significantly only at the 30 
minute measurements. The mean (+SEM) duration of 
the desaturation at 30 minutes on day 2 was 2.7 
(+0.9) minutes. 

Discussion: We have shown tnat 
premedication in children with CCHD does not 
cause a progressive decrease in SaVo witn time. 





However, SaUp does decrease significantly, 

albeit transientiy, following an intramuscular 
injection {Tabie 2). This desaturation is 
associated with a period of erying and/or 
struggling. The significant changes in heart rate 
do not directly correlate witha tne changes in 
arterial oxygen saturation. The results of this 
study sugest that eitner supplemental oxygen 
should be used to attenuate the desaturation after 
parenteral injections or tnat oral and rectal 
premedication may be preferadle to parenteral 
medication in these children. 


References: 

1. Laishiey RS, Kline C, burrows FA, Lerman J, 
Roy WL. Effect on oxygen saturation by 
different anesthetic induction agents in 
eyanotie congenital heart disease. 
Anesthesiology 1985; A456 












i 85.6 85.8 104.5 108.0 
70.3 +0.4 +1.6 +1.8 

2 85.7 85.8 128.1 140.4%% 
+0.4 +0.8 41.7 +3.2 

3 By 4 85.1 122.Y 112.4%% 
20.2 40.5 +0.7 +41.7 

4 31.0 80.3 129.3 104 .Q#* 
+0.2 +9.5 +0.9 +2.1 

5 79.8 78.7 98.3 93.9 
+0.5 +0.8 41.7 +2.06 

6 83.0 80.7 03.3 107.0 
+0.5 +1.2 +1.6 +5.4 

T 85.8 85.4 93.4 102.8% 
+1.0 +0.9 +42.4 +24 


Data are mean + SEM; * p < 0.01; 
** p < 0.001 different from day 1. 





TABLE 2 
Time SaVo (4%) Heart rate 
Day 1 Day 2 Day 1 Day 2 





















0 84.9 84.3 105.9 104.9 
+0.9 +1.4 +47.5 +4. H 

30 34.0 71.6%* 112.3 143.0% 
+1.1 +1.9 +6.9 +9 .0 
82.9 83.4 113.9 125.6 
+0.9 +1.2 +6.6 +7 .6 
83.0 83.3 112.3 119.6 
+1.0 +1.6 +5.8 +421 





Data are mean + SEM; * p < 0.05; 
¥*¥ p < 0.001 different from day 1. 
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introduction: Intracranial hemorrnage imay 
develop following awake intubation in the 
premature infant or neonate with a history of 
birth asphyxia. Awake intubation is often 
indicated in these infants for both anatomical 
and physiological reasons. In order to compare 
the effects of awake intubation with intubation 
during general anesthesia, we measured the 
anterior fontanel pressure (AFP) in two groups of 
infants. 

Methods: with approval from our human 
Research Committee, informed parental consent was 
obtained. Twenty-four patients, ASA I or IL, 
fasting, unpremedicated, and scheduled for 
elective general surgery were studied. Patients 
with neurological disease were excluded from the 
Study. On arrival in the operating room, all 
patients were placed supine and the hair over the 
anterior fontanel shaved. After calibration, a 
Ladd transducer! was placed zver the fontanel 
and secured in place by a 3er. x 3cm piece of 
'Reston' foam, to minimize tne effects of 
application pressure. All patients were 
preoxygenated for two minutes. Patients in Group 
I (awake intubation) received atropine 9.02 mg/kg 
intravenously 2 minutes before awake intubation 
was performed. Anestnesia was then induced with 
halothane or isoflurane in oxygen, and 
Supplemented with nitrous oxide. Patients in 
Group Il (general anesthesia) were anesthetized 
with sodium thiopentone 5 mg/kg, atropine 0.02 
ng/kg and suxamethonium 2 mg/kg intravenously. 
After a brief period of manual ventilation with 
100% oxygen, the trachea was intubated. 
Anesthesia was maintained with halothane or 
isoflurane in oxygen, supplemented with nitrous 
oxide. AFP was recorded at five intervals: 
quiet, crying, laryngoscopy, immediately 
post-intubation, and during maintenance 
anesthesia (GA). Statistical significance 
(p < 0.05) was determined by comparing values 
within groups with quiet measurements using 2~-way 
analysis of variance, and by comparing values 
between groups at the five irtervals using 
Student's unpaired t-test. 

Results: The demographic data for Group I 
(n=14) and Group II (n=10) differed significantly 
in age and weight (Table). There was no 
Significant difference in gestational age between 
groups. AFP increased significantly from quiet 
values with crying in both groups. In group I 
AFP increased significantly at laryngoscopy and 
immediately following intubation when compared to 
quiet values. AFP during laryngoscopy in Group I 
did not change significantly when compared to 
values during crying (Figure). In contrast, in 
Group II, AFP was significantly lower at 
laryngoscopy and intubation than during crying. 
The maximum values for AFP during laryngoscopy 
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and intubation in botn proups were of shorter 
duratcon than during crying. 

iscussion: We have demonstrated nighly 
Significant increases in AFP in neonates and young 
s undergoing awake endctracheal intubation. 
nitude of these increases was significantly 
41 infants anesthetized prior to intubation. 


1s. seen in the erying infant. These results 
imply jan increase in intracranial pressure due to 
an indrease in venous pressure and/or in mean 
arterial blood pressure. This may predispose 
Suscegtible neonates and young infants to 
intramranial hemorrhage. However, our results also 
Suggest that the snort, but highly significant 
increase in AFP during awake intubation may be o? 
less j{mportance tnan has been previously assumed, 
when ompared to the prolonged increases seen 
during crying or struggling in the healthy neonaze 
or young infant. Furtner studies are indicated to 
ident |fy and attenuate these cardiovascular 
resposes to awake intubation. 
eferences: 
e idyasagar D, Raju TNK: A simple non-invasive 
‘Yechnique of measuring intracranial pressure 
n the newborn. Pediatries 59:957, 1977 





TABLE 
Group I Group il 
ge (days) 19.3 + 2,8 34.1 + 5.2% 
Jeignt (kg) 3.2 Łż 0.2 339 02 
estational 
age (wks) 38.1 + 0.7 38.4 + 0.3 


e Á eee m =- mm ne en e re we ee ee ee es mt 


p < 0.05; Data are mean + S.E.M. 
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Introduction. Fentanyl rapidly passes 
through oral mucosal membranes when incorporated in 
a candy matrix and results in sedation, analgesia 
and, in sufficient doses, respiratory depression in 
adult volunteers. Although initial studies sug- 
gested that oral transmucosal fentanyl citrate 
(OTFC) in the form of a fentanyl lollipop might be 
an ideal form of premedication in children, ideal 
dose ranges were unknown and no experience was 
available in this population. Thus the objectives 
of this investigation were to determine the accept- 
ability of fentanyl lollipop premedication and the 
ideal dose range(s) in children about to undergo 
general anesthesia and operation. 


Methods. -Approval was received from the FDA 
and the human institutional research board and 
permission obtained from the parents of 47 children 
aged 2 to 13 about to undergo ENT, ophthalmologic, 
urologic or orthopedic cperations. The lollipops 
were made by heating a candy base and adding 100, 
200, 300, 400, 500, 700 or 1000 ug of fentanyl 
citrate crystals. Following this, the candy- 
fentanyl mixture was pcured into molds, a stick 
added and the lollipops allowed to cool and harden 
before removal from the molds 


The children were divided into four groups 
(I-IV) with respect to the dose of fentanyl they 
received in the lollipop; Group I = 5-10; group II = 
10-15, group III = 15-20 and group IV = 20-25 ug/kg. 
Each child had a standard pediatric blood pressure 
cuff placed on an upper arm and a Nelcor pulse 
oximeter on a finger or toe. Oxygen saturation was 
continuously observed throughout the study and 
recorded along with blood pressure, heart and 
respiratory rates (via radial artery and chest pal- 
pations) every 15 min in the preoperative holding 
area and 5 min during anesthesic induction, though- 
out operation and in the recovery room. The chil- 
dren were also graded in the holding area and during 
induction as to the effectiveness (sedation index) 
of the premedication (scale of 5 - aware and alert 
to l - asleep, no response to questions). Similar 
evaluations were made with respect to the presence 
or absence of fear, the child's ability to cooper- 
ate, the quality of the anesthetic induction and 


emergence, times to awaken, become verbally com- 
municative and oriented and the incidence of nausea, 
vomiting and pruritus. All patients had anesthesia 
induced and maintained with halothane, N,O and 
oxygen. 


Results. Three of the 47 children were 
eliminated from evaluation because they refused to 
take the lollipop or did not have sufficient time to 
finish it before being called to the operating room. 
Forty-three of the 44 children studied were fully 
cooperative and visably enjoyed the pre-medication 
experience. Onset of sedation was rapid, from 5-20 
minutes and heralded by an itchy nose or eye in 17 
of 20 patients in groups I and II and in all 
patients in groups [II and IV. Sedation scores 
after the lollipop and prior to induction were dose 
related and times for mean peak effect ranged from 
25 to 45 min. Induction was graded good or excel- 
lent in 37 of the 44 children but no statistical 
difference was noted between the groups. Recovery 
room emergence was rated excellent in 29 of the 44 
patients with no group being significantly better 


than another. However, group III patients were 
awake, verbally communicative and oriented sooner 
than patients in the other three groups. In 


patients in Group III orientation was achieved an 
average of 1l min sooner than group II and 18 and 25 
min sooner than groups [I and IV, respectively. 
Times of discharge from the recovery room were 
similar in the four groups and averaged 7l to 78 
mins. Three patients became nauseated and/or 
vomited pre-operatively. In the recovery room, ll 
patients experienced nausea and/or vomiting, 4 of 
the 1l were in Group IV. Four children of 12 in 
group IV were the only ones to experience a tran- 
sient episode in which 0, saturation was < 90% at 
any time during the study. These isolated episodes 
all occurred prior to anesthetic induction and 
responded to commands to breathe. 


Discussion. The results this study demon- 
strate that the fentanyl lollipop is an effective 
and safe method of premedicating children and that 
the ideal dosage range in terms of optimizing seda- 
tion and minimizing side effects is 15-20 ug/kg. 
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Introduction. Propofol, a new alkyphenol anes- 
thetic induction agent has been proposed as an 
alternative to thiopental because of its rapid 
elimination phase (T,,,B = 55 min). Accordingly, 
recovery from anesthesia should be faster and resid- 
ual respiratory depression less than with thiopen- 
tal. The purpose of this study was to compare the 
acute and residual respiratory effects of Propofol 
(P) to Thiopental (T). Because analgesic compounds 
are frequently used during anesthetic induction, 
comparison included patients with or without 
Fentanyl (F) pretreatment. 


Methods. Approval was received from the human 
institutional review board and iuformed consent 
obtained from 80 Class I-II patients, 18-65 years 
old, scheduled for orthopedic or gynecologic sur- 
gery. Patients satisfying the entry criteria were 
randomized into four groups. Half received F, 3.5 
ug/kg, 5 min prior to an induction dose of either or 
2.5 mg/kg, or T, 4 mg/kg. The other half received a 
placebo (saline) injection prior to either P or T. 
All patients received diazepan, 0.15 mg/kg, po, 60- 
90 min prior to induction of anesthesia. Prior to 
Surgery, resting P „CO, was measured (Beckman LB-2 
infrared CO2 analyser) and ae: respiratory 
drive data (V [Py qe? and Po co 2) were ob- 
tained by a modi f fed Read metod i “EB 3 rebreathing. 
After an intravenous infusion was begun, the 
patients were taken to the OR where an EKG was 
Started and an automatic BP cuff placed on an upper 
acm. A Bourns spirometer was inserted in the anes- 
thesia breathing circuit and preinduction respira- 
tory rate (RR) and tidal volume (TV) were obtained 
by having the patient breathe through an occlusive 
face mask for 3 min. Following this, patients were 
given F or placebo (saline) and after 5 more min had 
anesthesia induced with either T or D. RR and TV 
were recorded every min after F or placebo (for 5 
min) and then every 15 sec from the start of induc- 
tion until apnea occurred. Heart rate .(HR) and 
systolic (SBP) and diastolic (DBP) blood pressures 
were recorded every min from the administration of 
the pretreatment medication until 3 min following 
induction. Induction time, the time from adminis- 
tration of P or T until loss of the eye-lid reflex 
was noted. Three min following induction, the 
patient was paralyzed with Succinylcholine and intu- 
bated. General anesthesia was maintained with 
Isoflurane (0.5-1.5%) and 60% N,O in 0,. Recovery 
was evaluated by measuring times to awakening and 
orientation following discontinuation of all inha- 
lation agents. Side effects including myoclonus, 
pain on injection, rigidity and nausea and vomiting 
were noted during induction and in the recovery 
room. Sixty min after patients arrived in the 
recovery room respiratory function was re-evaluated 
utilizing CO, rebreathing. Data was analyzed for 


statistical significance using Wilcoxon, Kruskal- 
Wallis, Chi-square and analysis of variance tests. 


esults. Demographic data of the four groups 
were similar as were induction times of patients 
receiving P (45.1 + 14.5 sec) or T (42.8 + 13.3) 
alone When F was given prior to P or T, induction 
times significantly decreasec (P < 0. 001) to 32.8 + 
9.3 ard 29.6 + 10.2 sec, respectively. RR increased 
during! the first 30 sec of induction and then de- 
creased dramatically until apnea occurred (in 45 
sec) =n patients receiving P or T alone. After F 
pretreatment, all patients had rapid decreases in RR 
progr-jssing to apnea in 30, TV increased early 
after |T alone (first 30 sec) and then decreased. 
thereafter. In contrast, TV rapidly decreased after ™ 
P alo and in all patients getting F and then P or 
T. 


pstoperative resting Pe, » V SP oo and 
Po. /F,,,CO, were similar to bredi values? in’ both 
groups' not receiving fentanyl. In contrast, both 
groups getting F pretreatment experienced marked 
decreases in V p/P Te? (30-60%) after 60 min in the 
recovery room,” Prenen resting P, co, were 
not significantly changed fron baseline values. 


ithout F, both P and T resulted in small 
decreases (5- 10%) in SBP and DBP. Fentanyl pre- 
treatrænt caused significaly greater decreases in 
SBP alà DBP, particularly after P (-27% vs -15% 
after T). Both induction agents increased HR (P = 
12%; T|= 21%). These increases were blunted but not 
elimirated when patients were pretreated with F, 


Recovery time was similar in all four groups 
irrespective of F pretreatment. While there was no 
differance between groups in the incidence of nausea 
and vcomiting, pain on injection was seen more fre- 
quent ly with P (60%) than T (10%) and myoclonus 
occurred only after P (35%). Although overall the 
incidence of side effects were decreased with F 
pretreatment, the frequency with P plus F (65%) was 
still greater than T plus F (45%). 


Ci scussion, The results of this study demon- 
strate; that P and T cause respiratory depression of 
similar degree and duration which is of Little 
conseqience after surgery. The data also indicate 
that pretreatment with 3.5 ug/kg of fentanyl before 
P or "| hastens anesthetic induction but causes more 
impressive decreases in arterial blood pressure 
(partizularly after D) and results in significant 
residual postoperative respiratory depression. 
Finally, our findings suggest that Propofol provides 
no adjfantages and is associated with more side 
effects than Thiopental. 
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Introduction., Sevoflurane is a potent inhaled 
anestnetic (1,2) whose rapid uptake and elimination 
are due te a low blood/gas partition coefficient. 
To be clinicaily useful, sevoflurane inust demon- 
Strate no toxicity. Sevoflurane is unsvable in soda 
lime (1) and therefore is potentially voxic. 


Renal und hepatic damage have been found after 
administration of sevoflurane in the presence of 
soda lime, but this damage was attributed to 
hyperthermia and a thernoregulatory defect rather 
than a specific chemical toxicity (3). Otner stu- 
dies did not find hepatic injury after sevoflurane 
given with soda lime (1,2). However, in addition to 
products of biodegradation or breakdown by soda 
lime, injury may require an increase in hepatic 0p 
consumption (hyperthermia, phenobarbital prerreat- 
ment) and/or a decrease in 0p availability (hypoxia, 
decreased hepatice blood flow consequent to 
anesthetic administration). 


In the present study, we address three ques- 
tions: 1) is sevoflurane toxic when administered in 
the presence of soda line; 2) does hypoxia exag- 
gerate this toxicity; and 3) is sevoflurane more 
toxic than isoflurane or halothane? 


Methods. After approval from our Committee on 
Animal Research, we obtained 2-3 months old, male, 
specific patnogen free, Sprague-Dawley rats weighing 
250g to 350g. To induce hepatic enzymes, the rats 
Were pretreated for five days by adding phenobarbi- 
tal, 1 mg/ml, to their drinking water. Rats consum- 
ing less than 50 mg phenobarbital per 5 day period 
were discarded. Phenobarbital was discontinued for 
24 nours prior to anesthetic exposure. 


Each rat was placed in an individual exposure 
chamber and received anesthetic (except for control 
rats) at 0.9 to 1 MAC for four nours in a background 
gas containing 12%, 14%, or 100% O>. Rectal tem- 
peratures of each rat were meaSured (except for con- 
trol rats in the 14% Up groups) and the average tem- 
perature maintained between 48°C and 39°C. 


Anesthetic was administered from temperature 
compensated vaporizers. The gases directed through 
the vaporizer consisted of Op and 4% COp, balance 
No, to produce an inspired concentration of Oo 
without COs of 12%, 14%, or 100%. The gases plus 
anesthetic were directed through a humidifying can- 
ister and then through four standard soda lime 
absorbers maintained at 54°C. Gas concentrations in 
the effluent from the absorbers were monitored by 
infrared analysis and gas chromatography to ensure 
that 0.9 to 1 MAC concentrations were sustained and 
that no CO> was delivered to the rats. At the end 
of the four hour exposure period, the anesthetic was 
discontinued and the rats given air ta breathe. 


One day later, tne rats were killed by inhala- 
tion of COs, Duodenum, kidney, liver, and pancreas 
were removed, and a slide for microscopy prepared 
from each specimen. The randomized slides were 
examined by a pathologist (LDF) who was not aware of 
the treatment given each rat. Each slide of liver 
Was assessed for the percentage of the lobule that 


Showed swelling but not necrosis and for the percen- 
tage that showed necrosis. The sum of these two 
grades of injury equalled the percentage of the 
entire lobule that was injured. Our data were 
analyzed with an analysis of variance, Fisher's 
exact test, and chi squared analysis. 


Results. Sevofiurane did not differ from iso- 
flurane in the extent of hepatic injury produced at 
each concentration of Oo (Table). Hepatic injury 
was greater in rats given halothane and less in con- 
trol rats. Av 100% Jo, no rat demonstrated hepatic 
injury. The passage of sevofLlurane through soda lime 
did not influence the extent of hepatic injury at 
either 14% or 100% Op. Injury to duodenum, pan- 
creas, und kidney wus minimel and did not differ 
among tne groups. 


Discussion. Hepatic injury from sevoflurane was 
inversely proportional to the administered 0p con- 
centration. Sevoflurane and isofiurane were indis- 
tinguishable in the degree of hepatic injury they 
produced. This similarity implies that sevoflurane 
is no more toxic than isoflurane, currently tne most 
Widely used potent inhaled unesthetic. Finally, 
degradation of sevoflurane by soda lime did not 
increase toxicity. 
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HEPATIC INJURY ASSOCIATED WITH HYPOXIA, 
ANESTHETIC, AND USE OF SODA LIME. 


# OF RATS p OF LOBULE % OF LOBULE 
WITH INJURY INJURED NECROSED 


Agent 050% Soda n Ratio 4% Mean 5.D. Mean 5.D. 


Ctl 12 yes 22 13/22 57.1 11.5 18.8 4.9 12.8 
Halo 12 yes 27 27/27 100.0* ,0.6 12.8* 13.3 13.9 
lso 12 yes 26 25/26 85.5" 23.9 19.4% 13.1 15.5 


Sevo 12 yes 38 33/58 86.8% 21.5 13.7! 9.2 8.5 
Ctl 14 yes 38 4/38 10.5 0.8 2.8 0.1 0.2 
halo 14 yes 23 22/23 95.7* 20.7 18.4* 10.2 11.5% 
Iso 14 yes 14 8/14 57.1*_ 3.8 6.3! 0.9 1.9! 
Sevo 14 yes 26 11/26 42.3*! 6.5 11.6) 2.7 Deg! 
Sevo 14 no 12 6/12 50.0! 6.7 12.4! 3.6 .6 
Ctl 100 yes 25 0/25 0.0 0. 0 0.0 0.0 0.0 
Sevo 100 yes 26 0/26 0.0 0.0 0.0 0.0 0.0 
Sevo 100 no 13 0/13 0. 0 0.0 0.0 0.0 0.0 


_—. 


*Differs (P < 0.05 witn Bonferroni correction) from 
control. TDiffers (P < 0.05) from halothane. 
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Introduction: "It was the most unpleasant 
experience of my life" - a member of the 


anesthetic staff describing the effects of 
curare (GTC) 3 mg, given before induction of 
anesthesia. Patients are known to vary 
markedly in their response to dTC, dTC 0,1 
mg/kg will cause completg¢ neuromuscular 
blockade in 7% of patients. Since dTC 3 mg 
(approximately 0.05 mg/kg) is routinely used 
before induction of anesthesia to eliminate 
Suxamethonium induced fasieulations, we 
studied the effects of this dose of @CTC on 
neuromuscular function, to determine what 
Proportion of patients exhibit an 
exaggerated response, 

Method: The effects of dTC were monitored 
in 62 unselected adult patients, either 
unpremedicated or premedicated with 
diazepam, scheduled for elective surgery. 
Neuromuscular transmission was monitored 
using a Neuromuscular Transmission monitor 
(Puritan-Bennett). This device contains a 
peripheral nerve stimuletor, compound emg 
analyser and will deliver a supramaximal 
"train of four" every 20 see and, following 
calibration, will display Tl as a percentage 
of baseline T1 and the T1/T4 ratio. 
Stimuletion electrodes were pleced over the 
ulnar nerve, recording eleetrodes over the 
hypothenar eminence and a palmar reference 
was used. Since supramaximal stimulation is 
painful when awake, calibration was carried 
out following a sleep dose of thiopental. 
Following baseline measurements, curare 0.05 
mg/kg was administered as a bolus and 
neuromuscular transmission monitored for 5 
min, During this time the patients breathed 
(or ventilation was assisted) with N 0/0, 
(F.O, = 0.3) and further thiopental givén ag 
clinically indicated. 

Results: By 5 minutes 25 patients (40%) had 
less 10% reduction in neuromusetlar 
transmission (T1 versus pre-dTC T1) but 16 
patients (25%) had more than 20% reduction, 
One patient had a 42% reduction (Figure 1). 
The distribution of TI reduction at 5 
minutes in our sample is shown in Figure 2, 
There was no evidence of fade (judged by a 
reduction in T1/T4 ratio) in our sample nor 
did age, sex, race or previous medication 
appear to influence degree of block. 
Discussion: This variation in response to 
dTC confirms earlier observations obtained 
using double the dose of dTC. However, the 
marked degree of blockade obtained in 25 % 
of our sample using only 0.05 mg/kg of adTC 
is surprising. It is likely that, had these 
patients been awake, they would have been 


symptomatic. For this reason, we recommend 
that| if pretrestment with a non-depolarizing 
muscle relaxant is used before 
suxemethonium, it is administered after 
induction of anesthesia, 

Reference: Ae Katz RL. Musele Relaxants 
Exe|rpta Med., NY, p. 821, 1875. 


| 
t 


Figure 1. Recording from one subject. dTC was 
give: at the mark c, by 5 min there was a 42% 
redu=tion in neuromuscular transmission. 
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Figure 2. Histogram showing the reduction in T1 
at 3 min after dTC, expressed as a percentage of 
they control value. 
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Introduction. It is generally agreed that at normal 
body temperature (t°) ideal values of arterial pH and 
PCO? are 7.40 and 40 mmHg, respectively. 1) However, 
normal values for a hypothermic patient are practically 
unknown. When a blood sample is cooled anaerobically 
the PCO? decreases and the pH increases in a 
predictable manner, which has been formulated‘*’ and is 
applied by clinicians to correct the pH and PCO? values 
measured with electrodes maintained at 370C. At the 
same time it has been shown\?) that in vivo changes in 
pH and PCO? in ectotherms are similar to in vitro 
changes which take place in an anaerobic sample of 
blood that is cooled. Evidence has been presented that 
the correct intracellular pH during hypothermia is the 
pH of electrochemical neutrality of water (where pH = 
pOH), which is 6.80 at 370C, with body fluids maintained 
at 0.6-0.8 pH units to the alkaline side of this. 


The buffering capacity of the extracellular fluid 
system involving the unique properties of the protein 
buffer -- imidazole of histidine, and the precise 
regulation of the bicarbonate buffer help to maintain 
acid-base balance with changing t° on both sides of the 
cell membrane. 


In ectotherms as well as in homeotherms it is the 
hydroxyl-hydrogen ion concentration ratio (OH7/ H+) that 
is defended in normal acid-base regulation, so that a 
constant protein net charge of the intracellular 
compartment is preserved. We decided to study the 
importance of maintaining euthermic ventilation in 
hypothermic patients. 


Methods. Fifty four patients (33 male and 21 female) 
41-85 years old (mean = 64) who underwent open heart 
surgery with hypothermia were studied. Blood gases 
were determined prebypass, during hypothermia and 
postbypass. Measurements (not corrected for t©) were 
done with the electrode maintained at 379 C. All data 
are expressed as the mean value and standard error of 
the mean. 


Results. Initial slight hypocapnia with moderate 
reduction in HCO3 content was due to excessive 
ventilation at the beginning of surgery with a pH value 
of 7.42 + 0.8. Normal pH values (7.45 + 0.6) were 
obtained during cardiopulmonary bypass with 
hypothermia. During the rewarming process the pH 
values were 7.40 + 0.5. Constant pH values measured at 
37° C prove that constant OH~/Ht ratio was present at 
all t9-s. Prebypass PaCO? was 35.2 + 8.7 mmHg which 
remained at a steady level of 36.0 + 6.0 mmHg during 
the hypothermic bypass period and was equal to 35.0 + 
8.0 mmHg during the rewarming process. The prebypass 
value of HCO3 was 22.3 + 4.2 meq/L which went up to a 
value of 24.4 + 2.9 meg/L during the period of 
hypothermic bypass and returned to a value of 22.6 + 2.3 
meq/L for the rewarming period. A significant buffer 
concentration difference could not be found before, 
during or after cardiopulmonary bypass. 


Discussion. If ventilation is kept constant the 
"internal milieu" of a patient will reveal pH and PCO? 
curves, where optima! conditions will be provided to 
preserve intracellular neutrality.“4) This requires that 
no CO? be added to the inhaled gas mixture during 
hypothermic cardiopulmonary bypass. The rate and 
volume of each respiration should approximate those of 
normal alert breathing, which should create a moderate 
relative hyperventilation as metabolic CO2 production is 
suppressed by cold. If the measurements at 379°C are in 
the normal range (i.e. pH = 7.40 + 0.04 and PCO? = 40 + 
4.0 mmHg), we are satisfied that the patient's acid-base 
status is acceptable, and any adjustments are based on 
"uncorrected" values irrespective of the patients’ actual 
to, 


Observations of the behavior of human blood 
(outdoor exercise on a cold and windy day) could be made 
by comparing pH of blood from skin capillary 25°C, 
heart 37°C, and exercising muscle 410C. Observed pH 
values of 7.60 in skin and 7.35 in muscle confirm that, in 
arterial blood the OH~-/H+ ratio has been held constant 
within this tO range. It is important to note that human 
blood, even when core tO is normothermic, has a 
spectrum of pH values.(5) Literature data and our 
Clinical findings suggest that one should try to maintain 
a constant CO? content of the blood, a normal Donnan 
ratio between plasma and cells, a tissue pr close to 
neutrality, and, last but not least, a constant net charge 
of the protein buffer, imidazole of histidine. 


In practice it means that ventilation should be 
maintained at or near the euthermic setting as the body 
is cooled. To monitor and maintain adequate ventilation 
one need only withdraw a blood sample, rewarm it 
immediately and obtain a pH and PCO? reading with an 
electrode kept at 37°C. If a pH value is similar to the 
previous normothermic data e.g., 7.40 then the desired 
ventilation and PCO? are achieved to maintain a 
constant relative alkalinity. If such a patient's blood had 
been withdrawn at a core t° of 20°C and analyzed at 
that t°, the pH would have been 7.65 and the PCO? 
18 mmHg if the intracellular neutrality had been 
preserved. However, if that sample had been quickly 
rewarmed, anaerobically, and measured at 370C, the pH 
would then read 7.40 and the PCO? 40 mmHg. 
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Introduction. Myocardial preservation, 
essential for cardiac surgery, could perhaps be im- 
proved by delaying the’ onset of ventricular 
fibrillation (VF) during cooling on cardiopulmonary 
bypass (CPB). This human study questions what effect 
respiratory alkalemia has on temperature level (T) 
and time at which VF occurs during hypothermic CPB. 


Methods. After approval by Research Review 
Committee and informed consent, 16 adults (49-78 yrs) 
undergoing elective myocardial revascularization 
were randomly assigned to control (n=8) or study 
group. An arterial line and Swan-Ganz catheter were 
placed in each patient. Anesthetics consisted of 
fentanyl, oxygen, isoflurane, and pancuronium. pH 
uncorrected for T was kept at 7.4 pre and postbypass. 
At the outset of CPB both groups were actively 
cooled. The surgeons refrained from handling the 
heart until VF occurred. The control group was kept 
at pH 7.6 by reducing the pCO2 in the bypass 
circuit. During surgery, hemodynamics, T's 
(esophagus, blood, bladder), arterial blood gases, 
potassium, hemoglobin, gluccse, albumin, free fatty 
acids, lactate, epinephrine, norepinephrine and 
insulin were measured. Statistical analysis was 
accomplished by the use of Student's T test and 
two-way analysis of variance. 
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results. Anesthetic and surgical outcome were 
satisfactory in both groups. Mean arterial, right 
atriad and pulmonary artery pressures, cardiac 
out and systemic vascular resistance were accept- 
able and similar in all patients. T's at the 
stuc7 points were not statistically different. 
Blo T in the control group at the time of VF vas 
23.54).9 C and in the study group 21.7+0.5°C. Time 
fror Dnset of CPB to VF in the controls was 9.8+1.4 
min =pmpared to 11.4+1.3 min, not statistically 
sigrificant. Comparing all study points, potassium, 
hemc=lobin, glucose, albumin, free fatty acids and 
insitt4in were alike. During CPB the study group's 
lact=te levels were higher (p€0.05). pH, pCo2, 
epir=parine and norepinephrine levels are as skown 
belcl. 


PER If alkalemia during CPB was cof 
metæblic advantage then the heart should maintain a 
rh longer and achieve a lower T at VF. This was 
not 2 case. It is not possible from this study to 
say ~hether the rise in lactate is from inhibition of 
hepatic utilization or increased production by 
perEcheral tissues. The reason for the elevation of 
epir=phrine also is beyond the scope of this Study. 
What can be concluded, however, is that in these 
humez-s, unlike animal studies, there was no metabolic 
advetage in maintaining alkalemia during hypothermic 
CPB °GL). 


eferences. 
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Myocardial damage caused by keeping pH 7.40 during 
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Introduction. Endogenous opioid systems have been 
implicated in the deleterious effects of both endotoxie and 
hemorrhagic shock. Naloxone has been utilized to improve 
cardiovascular function in circulatory and septic shock 
with occasional improved survival. However, naloxone can 
block pain relief from endorphins and may override 
beneficial effects. An agonist-antagonist drug, nalbuphine, 
may be useful in preserving cardiovascular effects of 
naloxone, while at the same time maintaining analgesic 
effects of narcotics. We hypothesize that nalbuphine 
maintains the efficacy of hemodynamic preservation of 
narcotie antagonists in the presence of hypovolemiec shock 
while ameliorating the cardiovascular depression 
associated with pure narcotics in the hypovolemice state. 


Methods. Male mongrel dogs weighing 18-25 kg were 
anesthetized with 30 mg/kg pentobarbital, intubated and 
allowed to breathe spontaneously. Lead II EKG and heart 
rate were monitored continuously. Bilateral femoral 
incisions were made and a 7 French Swan-Ganz catheter 
was inserted into the pulmonary artery via the right 
femoral vein to measure pulmonary artery pressures (PAP) 
and pulmonary artery wedge pressure (PCW). Cardiac 
output (CO, L/min) was determined in duplicate by 
thermodilution. The right femoral artery was cannulated 
with a 5 Fr catheter and inserted into the aorta for 
determination of mean arterial pressure (MAP). A pigtail 
catheter was inserted into the left ventricle via the left 
femoral artery. The left ventricular pressure signal was 
differentially amplified te record rate of change of left 
ventricular pressure (dp/dt). Supplemental pentobarbital 
(1-2 mg/kg) was administered as needed. Core 
temperature was maintained at 3741°C using heating 
lamps. Blood samples were obtained periodically for 
hematocrit, electrolyte and blood gas analysis. After a 30 
minute baseline period, dogs were heparinized (5000 U, IV) 
and bled into a reservoir until a MAP of 40 mmHg was 
obtained. MAP was maintained at this level for an 
additional 60 minutes by infusing or removing further 
blood. At 60 minutes post hemorrhage, the reservoir was 
clamped, and the animal received either 0.9% NaCl or 
nalbuphine 1 mg/k, 10 mg/k, 50 mg/k as a slow IV bolus 
through a peripheral vein. Hemodynamic measurements 
were obtained at 5, 10, 15, and 30 minutes following drug 
infusion and every 30 minutes thereafter. All drugs were 
administered so that the animals received the same volume 
of diluent. 


Results. No significant differences were noted in any 
hemodynamic measurements in control and treated animals 
prior to administration of nalbuphine. In addition, no 
Statistically significant variation was noted until 30 min 
following drug infusion, when MAP and dp/dt were elevated 
above control. CO was also elevated, but was not 
significant (Table 1) A clear prolongation of acute 
survival time in animals treated with nalbuphine (10 mg/k 
and 50 mg/k) was observed (Table 2). 


Discussion. Nalbuphine in doses of 10 mg/k and 50 mg/k 
prolonged acute survival in dogs subjected to hemorrhagic 
shock from 117£7 min to 158+35 min and 204+18 min 
respectively. Significant differences were noted for MAP 
and dp/dt 30 min following nalbuphine administration. CO 
approached, but did not reach, statistical significance at 
0.05 level. There was no alteration in PCW, HR or TPR 
among or between treatment groups (data not shown). 


The interaction of nalbuphine at several opiate 
receptors may partially explain its beneficial effects in 
Shock. Nalbuphine analgesia appears to be subserved by 
partial agonism at the kappa receptor and also as a weak 
mu receptor antagonist. These weak antagonist properties 
may account for its ameliorative effects in shock, while 
preserving analgesia. Thus opiate agonist-antagonist 
analgesics with agonist properties may prove useful in the 
management of shock. 


Table 1: Effects of Nalbuphine 30 min after infusion following 1 hr of 


hemorrhagic shock. 


Treatment CO MAP PCW HR dp/dt 
Control .67 25 1.25 169 .956 
Nalbuphine 
1 mg/kg 91 51* 2.00 158 1.935* 
10 mg/kg 139 74" 0 189 1 667* 
50 mg/kg 1.19 59* 3.25 163 2.502* 


* = p<0.05, n = 4 following one way analysis of variance and multiple 
comparison procedures. 


Table 2: Nalbuphine effect on survival time of animals subjected to hemorrhagic 
shock. 


Treatment Time of Death (min) 
Control 117 7 
Nalbuphine 
1 mg/kg 111 + 16 
10 mg/kg 158 + 35* 
50 mg/kg 204 + 18* 


* = p<0 05 ,n=5 analyzed according to Table 1. 
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Introduction Perioperative hypertension is 
frequently encountered in patients undergoing 
coronary artery bypass surgery (CABG). Kaplan et al 
have demonstrated the efficacy of nitroglycerin 
(NTG) in the treatment of acute hypertension during 
CABG (1). More recently, intravenous isosorbide 
dinitrate (ISDN), a more stable nitrate preparation, 
has become available and has been used successfully 
in the postoperative management of cardiac surgical 
patients. The aim of this study was to compare the 
efficacy of ISDN and NTG for the treatment of 
perioperative hypertension in patients undergoing 
elective CABG. For this purpose, a large 
multi-center study was initiated. 


Methods After institutional approval had been 
given at each of the three participating 
institutions, informed consent was obtained from 85 
patients scheduled for elective CABG. The patients 
were randomly assigned to an ISDN or NTG group and 
the study was conducted in a double-blind manner. 

On the day of surgery, the patients were 
premedicated with morphine sulfate (0.15 mg/kg) and 
scopolamine (0.4 mg) IM. Nirety minutes later, 
under local anesthesia, a radial artery catheter, a 
thermodilution pulmonary artery catheter, and 
intravenous catheters were placed percutaneously. 
Control hemodynamic measurements were then made of 
heart rate (HR), systolic (SAP), diastolic (DAP), 
and mean (MAP) pressure, right atrial pressure 
(RAP), pulmonary artery pressure (PAP), pulmonary 
capillary wedge pressure (PCWP), thermodilution 
cardiac output (CO), arterial and mixed venous blood 
gases. General anesthesia was induced with fentanyl 
75 ug/kg, and the patients were ventilated with 100Z 
oxygen. Endotracheal intubation and muscle 
relaxation were facilitated by the use of 
pancuronium bromide (0.15 mg/kg). Based upon the 
control systolic blood pressure (SBP), an SBP 
"trigger" value was defined for each patient. An 
infusion of either ISDN or NTG was begun whenever 
SBP exceeded this trigger value. The infusion was 
started at 0.5-1.0 ug/kg/min and gradually increased 
to a maximum infusion rate of 10 ug/kg/min. A 
treatment success was defined as return of systolic 
blood pressure to control. A treatment failure was 
defined as continued elevation of blood pressure to 
a predetermined failure value. The study was 
conducted in three phases: before cardiopulmonary 
bypass (CPB), after CPB, and during the first 4 
hours after admission to the ICU. All the results 
are expressed as meant+SD and the differences were 
tested for statistical significance by ANOVA. 





Results 43 patients were randomized to the 
ISDN zroup and 42 to the NTG group. No significant 
intergroup differences in demographic variables were 
observed. A total of 245 events in which SBP 
exceeded the trigger value were observed. 60% of 
these events occurred before CPB, 132% after CPE, and 
27% äh the first 4 hours after admission to the TCU; 
Patients in the ISDN group had an average of 2.4 
events per patient versus 3.8 events per patient in 
the MTS group. The SAP, DAP, and MAP were signif- 
icantly lower after treatment with either drug (see 
table). NTG also produced a small but significant 
increase in HR and decrease in CO. The treatment 
was considered a failure in 39% of events treated 
with [ISDN versus 17% of events in the NTG group. 


Discussion In most studies, NTG has been found 
effective in controlling hypertension and beneficial 
becatse of its effects on intercoronary collateral 
blooe, flow in the presence of regional ischemia, 
Under the circumstances of this study, ISDN also 
lowered high systemic pressure, but to a lesser 
degree than NTG and in fewer hypertensive episodes. 
A possible benefit of ISDN was a lack of significant 
changes in heart rate and cardiac output. In 
conc-usion, these results indicate that both ISDN 
and BIG can safely be used in the treatment of 
periesperative hypertension. 


Reference 
l. Kaplan JA, Dunbar RW, Jones EL: Nitroglycerin 
infu:jion during coronary artery surgery. 
Anes thestology 45:14, 1976. 











TABL? 
NTG ISDN 
i Pre Post Pre Post 
SAP | 160+14 130+24@ 155417 1384198 
(mmH 5 
MAP | 106+14 88+15@ 104415 93+142 
(mmH 5) 
DAP ! 79+14 60+13@ 79+13 724123 
(mm. ) 
10+5 7+4@ 12+5 9+4@ 
(mmz) 
C.0.| 5.11.6 4,821.5* 4,941.5  4.8Ł1.5 N.S. 
(L/min) 
HR 7629 79+17# 73417 74415 N.S. 
(BP 


SVR 17094657 _. 1482+575@ 1715+703 15944+523* 
(dynes sec cm `) 





* 0,05 # p<0.01 @ p<0.001 
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Introduction. Extracorporeal shock-wave 
lithotripsy (ESWL) has become a mainstay in the 
treatment of urolithiasis in Europe and the United 


States. The application of shock-wave (SW) 
treatment in children with urinary calculi poses 
particular problems, Adjustment of water level 


and of the ESWL frame designed for adults are not 
problematic. The most serious difficulty is due 
to the proximity of the kidneys to the lungs in 
children. Though the renal and surrounding 
tissues are quite resistant to damage by repeated 
SW, the lung is easily damaged by directly applied 
SW and may be injured even by unfocused SW on the 
periphery. Recommendations for protection of lung 
tissue based on experiments in animals include the 
interpolation of 0.3 cm thick styrofoam sheet 
between the source of SW and the lung tissue. On 
being asked to anesthetize children for ESWL, we 
developed a system of general anesthesia (GA) 
including a method for protection of the lungs 
based on available animal experimental data. 

Method. Preoperative preparation included 
detailed discussion with the parent(s) concerning 
the expected risks, and informed consent in all 
cases. Oral diazepam premedication in most cases 
preceded induction of GA with intravenous fentanyl 
and thiopental, or nitrous oxide, oxygen and 
volatile agent by mask, All patients were 
intubated following muscle relaxant administration 
and ventilated with nitrous oxide and oxygen + 
volatile agent. Inspired oxygen concentration 
(F705), oxygen saturation by pulse oximeter, 
expired partial pressure of carbon dioxide 
(PECO,), nasopharyngeal temperature and automated 
arm blood pressure were mcnitored continuously and 
recorded, Shock-absorbing material consisting of 
Styrofoam sheet greater than 1 cm thick was 
securely taped to the ESWL frame, providing both 
support and lung protection. In one case, a 
circular opening about 12 cm in diameter was made 
in the styrofoam sheet and an attempt was made to 
position this opening directly over the source of 
SW. Triggering of SW 20 milliseconds after the R 
wave of the ECG was utilized to limit the 
possibility of ventricular dysrhythmias seen in 
early studies in adults. Ventilation occurred 
only between episodes of SW application, in order 
to limit lung excursion into the field, and each 
series of shock-waves began only after the PECO, 
had again fallen below 30 mig. 

Results, Of 801 patients given GA on 935 
occasions, eight were children aged 13 or less, 
who had a total of ten ESWLs. The table shows the 
collected data for these patients. Induction to 
immersion times ranged from 5 to 9 minutes, except 
in the smallest child, where 36 minutes were 
needed for satisfactory anesthesia induction and 
positioning. The actual time taken for SW 


applications averaged 35.4 minutes (30.5 in 
aduits}. The lowest 0, saturation was 94%; the 
highest F,0, 0.40. Temperature increased in all 
cases, an average of 0.3°C, All were extubated 
within 7 minutes of emersion from the ESWL tub. 
None had hemoptysis, chest pain, chest X-ray 
evidence nor any other clinical evidence of 
pulmonary contusion. In one 9-year-old, in whom 
Styrofoam sheet with a circular opening was used, 
the stone failed to significantly fracture and a 
second ESWL was required. On the second occasion, 
lung protection was achieved by the use of a soft 
foam sheet with adhesive backing (Reston!™, 3m) 
applied directly to the skin over the ipsilateral 
lung. No clinical signs of pulmonary damage were 
seen, and the stone was completely fragmented. 

Discussion. Severe pulmonary damage in 
animals following a single shock-wave provides 
cause for great concern in children undergoing 
ESWL. Anecdotal accounts of pulmonary hematoma in 
a child during ESWL suggest that the risk may be 
substantial, and lung protection by shock- 
absorbent material a logical precaution in these 
children. We initially used a styrofoam sheet 
more than three times thicker than that which had 
given protection in animals. Later in the series, 
enthusiastic use of protective shielding 
apparently caused sufficient attenuation of the 
shock-wave to prevent adequate stone 
fragmentation. Following clinical tests in 
volunteers, a soft adhesive-backed foam applied 
directly to the patient gave adequate protection 
while allowing successful treatment. The use of 
an apneic technique during actual SW application, 
though not studied in detail, appears to be a 
logical precaution especially in smaller children. 
None of our patients had clinical evidence of 
pulmonary pathology following ESWL. Even a child 
as small as 10.5 kg was able to safely benefit 
from what is certainly a major improvement in the 
treatment of urolithiasis. 


ee = 


Age of Weight ASA No. of 
Patient (Kgs.) Status Shock Waves 
10 23.7 1 1500 
9 31.8 1 900 
13 75 2 1200 
2 10.5 3 600. 

13 44 1 1600 
10 31.5 1 1000 
11 40.8 2 1250 
9 25.4 1 2000 


a 


*Total for two procedures 
Reference 

1; Gs Chaussy (Ed.), KARGER (Publ.): 
Extracorporeal Shock Wave Lithotripsy, 1982 
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Introduction. Conflicting results have been re- ketamine significantly potentiates the pancuronium- 
ported on whether ketamine would potentiate the neuro- induced neuromuscular block. Such potentiating 
muscular effect of pancuronium (1-2). Recently in a effect of ketamine has been attributed to decreased 
series of studies we found that ketamine enhances the sensitivity of the motor end-plate by Cronnolly, who 
neuromuscular block induced by d-tubocurarine, vecu- demors=rated in frog sartorius muscles that ketamine 
ronium and atracurium. Hence, the present study was reduced miniature end-plate potential amplitude and 
undertaken to reevaluate the interaction on neuro- decreased the end-plate sensitivity to jontophcre- 
muscular transmission between ketamine and pancuroni- tically applied acetylcholine (3). We concluded that 
um. panctronium-induced neuromuscular block in anesthe- 

tizeq monkeys is potentiated by I.V. administration 

Method. The study was approved by the Institu- of ketamine in a dose-dependent manner. The clinical 
tional Review Board. Twelve adult monkeys (Macaca impl cation of such synergistic effect must be borne 
Cyclopis Swinhoe) weighing 5 to 8 kg were anesthetiz- in mind when the two drugs are used concomitantly. 
ed with methohexital 10-15 mg/kg I.M. Two I.V. lines | 
were inserted, one into each limb. Dextrose 5% in References. 
water was infused at 5 ml/kg/hr. Anesthesia was i 
maintained with halothane 0.5% in oxygen and the Le Fak Y, Nagashima H, et al: Ketamine interac- 
trachea was intubated without use of muscle relaxant. tion with neuromuscular blocking agents. Anesth 
The end-tidal C02 and halothane concentration were Anala 37:238-241, 1978. 
monitored and recorded with a Datex Normocap C02 2. cbhnston RR, Miller RD, Way WL: The interaction 
monitor and a Datex anesthetic gas monitor. Ventila- of ketamine with d-tubocurarine, pancuronium and 
tion was controlled with a mechanical ventilator to succmylcholine in man. Anesth Analg 53:496-501, 
keep end-tidal PCO? at 30-40 mmHg. Esophageal tem- 1974. 
perature was maintained at 35-370C. An arterial 3, Cronnol ly R: Interaction of ketamine HC] with 
catheter was placed in the anterior tibial artery for neurqnmuscular agents. Fed Proc 31:535, 1972. 


recording blood pressure and for blood gas determi- 
nations. Arterial blood pH was controlled at 7.30- 
7.40. The ulnar nerve in the left wrist was stimu- 
lated at 0.3 Hz with Grass S-44 nerve stimulator 
using stimuli of 0.1 msec duration, at twice maximal 
voltage. Force of left thumb adduction was trans- 
duced by a Grass FT-03 force transducer. ECG, arte- 
rial pressure and thumb twitch were recorded simul- 
taneously on a 4-channel polygraph recorder. After a 
Stable anesthetic plane was established, ketamine was 
given at hourly intervals at a progressively increas- 
ing dose of 2, 5, 10, and 20 mg/kg intravenously to 

5 monkeys of the control group. In 7 monkeys of the 
study group, 50% twitch depression was maintained by 
continuous intravenous infusion of pancuronium first. 
Then the same 4 doses of ketemine (2, 5, 10, and 20 
mg/kg I.V.) was added sequentially, allowing full 
twitch recovery from effect of ketamine between doses. 
Ketamine and pancuronium were given through separate 
I.V. lines. 


75 


Pancuronium (n=7) 


% of control 


| 
l 
| 
| 
j 
| 
| 
Results. Intravenous ketamine alone at all 4 | 
dcses showed no effect on the thumb twitch. When 50% 
twitch depression was first established and maintain- 
ed by continuous I.V. infusion of pancuronium (0.03 + 
0.01 mcg/kg/min.), the addition of ketamine at 5, 10, 
and 20 mg/kg produced a significant (p<0.05) further 
depression of the twitch in a dose-dependent manner 
(Fig. 1). The maximal twitch depression occurred 
| 


within 20-30 minutes after ketamine administration. 6 5 A T aA 


Log-Dose of Ketamine (mg/kg) 


Fig. 1 The acute effect of I.V. 
ketamine administration on the pre- 
existing 50% twitch depression of 
the thumb adduction produced by. 
infusion of pancuronium (vertical 
bars indicate stand deviations) 


Discussion. Our study demonstrates that in mon- 
keys under basal halothane anesthesia the addition of 
ketamine in dose of 2 mg/kg I.V. had no effect on the 
neuromuscular block established by pancuronium. This 
finding is in agreement with that reported by 
Johnston, et al, who utilized a similar dose in hu- 
mans. However, at higher doses of 5-20 mg/kg I.V. 
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Introduction: Coronary air embolism (CAE) is 
a major complication of keart surgery. Air can 
enter the coronary circulation during aortotomies 
for proximal coronary revascularization, valve 
replacements and during aortic cannulation for 
bypass. Once CAE has occurred, the severity of 
sequalae depends on the amount of air in the 
coronary system. N,O has been shown to cause 
global as well as régional myocardial dysfunction 
in both humans and lab aniņĝlş with lesions that 
limit coronary blood flow.` ? This study was 
performed to examine the cardiac effects of ven- 
tricular and CAE in the presence and absence of 
N,0. We also tested the hypothesis that discon- 
tinuing N,O after CAE occurs would improve cardiac 
performance and lessen the insult otherwise seen. 

Methods: Overnight fasted (23 + 7 kg) 
Hampton-Landrace swine were anesthetized with 
ketamine (25 mg/kg) and ventilated with 100Z 0.. 
One group of pigs (N=7) were ventilated with 
air/0O, (FIO,=.33) for 15 minutes and then baseline 
values of blood gases, cardiac output, LV dp/dt, 
BP, HR, LVEDP as well as epicardial ECG were 
obtained. The inspired gas was changed to 100% 0 
and the same values recorded 1, 2, 3, 5, 10, and 
20 minutes later. The inspired gas was then 
changed to air/0, (FIO,=0.33) for 15 minutes, 
repeat measurements made, then a left ventricular 
air embolism (VAE) was administered at 0.01 
ce/kg/min for 3 minutes (or less if CO reached 0; 
electromagnetic aortic flow probe), while the 
inspired gas was simultaneously changed to 100% 
0,. The above data was then collected | ee Pee ae 
16, and 20 minutes later. Another group of pigs 
(N=7) were ventilated with N,0/0 :(2/1) following 
the same protocol, substituting f O for air. 

In the second phase of study, pigs (N=4) 
received CAE by injecting 0.01 cc/kg directly into 
the LAD coronary artery just distal to the first 
diagonal branch. The pigs were ventilated with an 
FIO,=0.33 for 15 minutes and then had CAE admini- 
stered while the inspired gas was changed to 100% 
o Measurements of epicardial ECG's, proximal 
LAD blood flow (electromagnetic) aortic blood 
flow, LVdp/dt, LVEDP, BP, HR and blood gases were 
made pre CAE and 1, 2, 5, 10, and 20 minutes post 
CAE. One half of these pigs received N.0/0 


2 


during the 15 minute period pre CAE, thé other 
half received air/O,. Data for blood gases and 


emboli volumes were analyzed using paired and 
unpaired t tests. Physiologic data was analyzed 
using ANOVA with repeated measures in 2 variables. 
Results: Prior to VAE, the Na and N,0 groups 
did not differ in weight, MAP, PA, LVEDP, CO, 
dP/dt or blood gas analysis. After VAE all 
cardiovascular parameters were depressed with a 
gradual return toward baseline in surviving 
animals in both groups. The volume of air infused 
was similar between the groups. Four of the seven 
animals in the N,O group and none of the seven in 
the air group diéd in ventricular fibrillation 
within 15 minutes following air emboli (p=.035). 
One animal in the air group expired at 19 minutes 
following VAE. Physiologic variables between the 


3 animals that survived VAE in the N,0 group and 


the 6 in the air group were not significantly 
different over time. CAE resulted in immediate 
abolition of coronary blood flow in the presence 
of air as well as N,O. In the air ventilated 
animals, recovery toward pre-CAE control values 
occurred over 15 minutes. In the N,0O group both 
animals died in ventricular fibrillation with 5 
minutes following CAE. The length of LAD segment 
containing gas and the area of ischemic myocardium 
was abserved to be far greater in the N,0 than in 
the air group following CAE. 

Discussion: The cardiovascular insult from 
ventricular as well as coronary air embolism is 
enhanced in the presence of N,O. The cardiovascular 
insult after CAE appears to bê due to decreased 
coronary blood flow, which is worsened in the 
presence of N,O. This is probably due to expansion 
of the air enbolus, an easily visualized phenomena. 
Our data reconfirm that there is no significant 
effect of N,O on nonischemic myocardia. Our data 
also suggests that N,O should not be used whenever 
there is possibility of ventricular or coronary air 
entrapment, since even after discontinuing NO at 
the time of air embolization neither the cardio- 
vascular insult nor the mortality were lessened. 
Table 1: Ventricular Air Embolism 


DP/DT +810 +580 +615 +600 +560 +475 +725 


N,0 1190 410 830 700 560 850 1470 
+650 +320 +1270 +725 +480 +465 +680 

No 2.0 8 6 +6 .7? .6 1.1 
co t.2 t4 Ł3 BA £3 eG 
N,0 Laz ol -3 4 23 03 s2 
Ł.6 +l 4£.3 ż4 +Ł.5 4.5 4,8 

N 8.2 9.6 9.3 9.6 11.8 10.4 8.7 
LVEDP 45.7 £ż4.7 44.3 +3.7 45.9 +5.1 +6.5 
N,0 6.8 12.9 13.8 12.0 9.4 10.6 10.0 
#2.8 43.0 44.7 44.5 +5.1 +5.9 +10.0 


Values are means + SD 


Table 2: Coronary Air Embolism 


Min p CAE 0 l 2 5 10 20 
ig # 


N, 1l 2.5 8 8 8 1.5 2.5 
2 GO: 29- 32 DS 23 OSs: Z5 
N,0 1 230. Agi: Us Sees, ee: jee 
2 GI oleh gea ei, eee a 
Ny 1 3600 3350 3300 3400 3500 3700 
2 dP/dt 2000 1200 1250 1250 1750 1750 
NAO 1 3600. 32100 -30007 “2225 ce. Gace 
2 W400. 2500: sss Sl eae plies 
N, i 43 16 21 40 48 45 
2 CBE 22 0 25 5. 22 45 
N,0 1 24 8 7 a a 
2 20 OJ ae ge Ze 


R 
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Introduction: The thromboelastograph (TEG) has 
been shown to be of clinical utility in the 
evaluation of the wipte blocd hemostatic process in 
the operating room. TEG is roufjnely used during 
hepatic transplantation procedures and at our 
institution has been used with success to predict 
non-surgical post-operative bleeding in cardiac 
surgical patients. The TEG monitors coagulation 
from the formation of the first fibrin strands 
through fibrin cross-linking and clot retraction to 
eventual clot lysis. Measurement of coagulation 
factor function, platelet abnormalities and clot 
integrity can be determined from this single test. 
The purpose of this study was to examine the effects 
o= moderate blood loss and crystalloid replacement 
on TEG parameters (R, K, MA, AD). 


Methods: After approval by the institutional 
Human Investigations Committee 68 adult subjects 
undergoing major orthopedic, abdominal, cranial, 
thoracic and gynecological procedures were entered 
into the study. All patients were treated with 
standard anesthetic and surgical techniques. All 
patients received general anesthesia with isoflurane 
or halothane in 0,/N,0 (1:1). Intravenous agents 
used included etomidate, thiopental and fentanyl. 
None of the patients had any preoperative 
alterations in coagulation either clinically or by 
measurement of PT, PIT, fibrinogen, and platelet 
counts. No patients were receiving anti-coagulant 
or anti-platelet medications. 


Blood samples for TEG analysis were obtained 5 
minutes before and after induction of anesthesia, 
when EBL=0.05 EBV, 0.10 EBV, 0.15 EBV, at end of 
surgery and 2 hours postoperatively. The total 
volume of crystalloid and blood administered at this 
time were noted. Measurements of TEG parameters R, 
K, AD and MA were performed on all samples (Biclot 
Flvi 816). Patients receiving blood (N=27) had TEG 
measurements made before anc after transfusion. TEG 
parameters were considered jointly dependent and 
analyzed using Hotelling's T's. Repeated measures 
data was analyzed using MANOVA. Statistical 
significance was accepted with p <0.001. 


Results: This study demonstrates a tendency 
towards hypocoagulability after induction of 
anesthesia, as evidenced by prolongation of R. 
Moderate blood loss (0.05 EBV, 0.10 EBV) was 
accompanied by hypercoagulable TEG parameters 
compared to postanesthesia controls (decreased R and 
K, increased AD and MA). An additional increase in 
coagulability was seen in patients experiencing 0.15 
EBV loss. TEG parameters (R, K, AD, MA) all 
returned to preanesthesia/surgery levels by the end 
of operation and remained so 2 hours 
postoperatively. 


Accounting for NPO fluid deficits, the data 
indicate that crystalloid replacement allowed for 


euvo jemic blood loss in both groups. 


TEG ‘larameters vs. Blood Loss 
| Fluid 
R K AD MA  Replace/EBVL 
Prealesthesia 2042 1141 4442 5542 
Post |lnesthesia 31+4 1342 4043 5243 











5% JA 23+1 10+0.5 4641 5541 
B 2342 1041 4842 55242 
2624 9+2 4747 5545 
10% |B 23+4 1041 4842 5742 
C 2845 Il+2 42ł7 5444 -69 
15% JC 20ż4 10ż1 4545 5444 .81 
End bf Care 21+] 9+4] 4942 512 


2 h osto 20+1 1l]£+1]1 48+2 4943 

Teta EBVL 0.05=GRP A (N=68) 0.10=GRP B(N=15) 
0.15=GRP C (N=5) 

Valves are means + SEM 


Discussion: The TEG parameter R measures the 
times it takes for fibrin strands to form; K and AD 
ref¥Mect the speed at which fibrin strands cross-link 
untl a consolidated clot is formed. The strength 
of the consolidated clot is reflected by the MA 
val D, which depends on platelets and fibrinogen. A 
eE state would be reflected by a 
decrease in the R and K values with an increase in 


the AD and MA values, as reflected in our results. 








Hemodilution and loss of coagulation factors 
and platelets during blood loss replaced with 
crygtalloid might suggest that a hypocoagulab ie 
staťe might result. However, it is likely that 
surgical stress, tissue trauma and elevations in 

serum catecholamines oreet fliis and result in 
accelerated coagulability, despite the effects of 
genaral anesthesia. In conclusion, moderate 
euvalemic blood loss without blood or blood product 
repjacement during general anesthesia has been 
dem4nstrated to result in intraoperative 
reoagulability with a postoperative return 
towird the preoperative coagulation state. Based on 
the-je results, there appears to be no justification 
for |factor or platelet administration during 
euvylemic crystalloid replacement of moderate blood 
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Introduction. The traditional image of N30 as 
a benign anesthetic has been tarnished in recent 
years by the documentation of several deleterious 
effects, including a decreased ventilatory response 
to hypoxia, atelectasis, fetal hypoxia, increased 
Sympathetic activity, expansion of gas-containing 
Spaces, nausea, and an inhibition of methionine 
synthetase with the potential for leukopenia and 
teratogenicity.! While these effects have been 
documented, usually during conditions of chronic 
exposure to the gas, their impact on the outcome of 
patients having routine surgical anesthesia remains 
undocumented. If indeed, N,O is hazardous, we 
hypothesized that clinical evidence of adverse 
effects would be most obvious in patients under- 
going prolonged anesthesia. Consequently, we 
retrospectively examined numerous variables of 
patients exposed to prolonged general anesthesia, 
with and without N20, to determine whether or not 
there was a difference in the intraoperative or 
postoperative course. 


Methods. After approval by the Human Subjects 
Review Committee, B4 patients who underwent anes- 
thesia for longer than 10 hours were identified 
using the department's computerized anesthesia 
database.4 Excluded from consideration were (a) 
patients anesthetized for labor and delivery, 
thoracic or abdominal surgery, (b) patients who 
expired within 3 weeks of the anesthetic, and (c) 
those cases where the inhaled agent was changed 
during the anesthetic, Records were reviewed For 
preoperative, intraoperative, and postoperative 
variables, including temperature, blood pressure, 
heact rate, blood cell counts, liver function 
tests, blood loss, fluid therapy, urine output, 
and renal function tests. In addition, we noted 
complications including wound infection, pneumonia, 
pressure injuries, the need for postoperative 
ventilation, and prolonged hospitalization. To 
minimize the possible influence of the type of 
surgery, we limited our analysis to patients 
undergoing craniotomy with a total blood loss of 
less than 1000 ml. Of 30 patients having prolonged 
anesthesia and meeting the above criteria, 22 
received N-30 and 8 did not. 


Results. Although patients in the two groups 
did not differ significantly in terms of the length 
of anesthesia, age, operative procedure or blood 
loss, there were some differences noted between 
the two groups. The maximum temperatures during 
the 10-llth and 12-13th postoperative days were 
significantly higher (by approximately 1 degree) in 
the patients who did not receive N20. Similarly, 
these patients also had a Significantly higher 
white blood cell count on post-op day 12 than did 
patients who received N30 (mean of 15800 vs. 8600). 


Patients who received N30 had a lower hematocrit on 
post-op day 2 (30.5% vs. 35.3%). However, patients 
receiving N30 did not show evidence of increased 
Sympathetic activity, morbidity from expansion of 
gas-containing spaces, or leukopenia. There were 
no differences between the two groups in terms of 
the number of wound infections, pressure injuries, 
pulmonary complications, days of postoperative 
mechanical ventilation, or length of hospitaliza- 
tion. There were insufficient data to permit 
statistical comparison of liver function tests 
between groups. 


TABLE 1 (Mean + SD) 


N50 NON-N,0 

N = 22 N=8 
ANESTHESIA TIME (MIN) 709 (£84) 765 (+137) 
AGE (YEARS) 35.3(#14.9) 40.7(+18.5) 
BLOOD LOSS (ML) 425 (£248) 328 (t248) 
DISCHARGE DAY POST-OP 20.1(+19.1) 38.7(+47.2) 
VENTILATED POST-OP 2/22 3/8 
WOUND INFECTION 2/22 0/8 
PRESSURE INJURY 2/22 2/8 
PULMONARY INFECT LON 3/22 3/8 


Discussion. The potential for N20 toxicity is 
clear. If N20 is inhaled continuously for several 
days it can cause a fatal leukopenia. Chronic 
abuse of N50 is associated with neurologic dysfunc- 
tion, and daily inhalation of trace concentrations 


has been suggested as a cause for spontaneous 
abortion among 0.R. personnel. 


Despite these potential problems, we were 
unable to identify any untoward effects of N50 when 
it was used to provide anesthesia for a group of 
patients undergoing operative procedures lasting 
longer than 10 hours. If toxicity from N50 was to 
be a problem during routine clinical anesthesia, we 
would have expected evidence of same when patients 
are anesthetized for many hours. However, when 
patients who received N30 were compared to a 
control group, we did not see evidence that N30 
was associated with hypertension, tachycardia, 
leukopenia, iafection, neurologic dysfunction, 
laboratory evidence of organ toxicity, or prolonged 
hospitalization. 


We conclude that a fear of toxicity from N30 
should aot deter the anesthesiologist from using 
the drug during routine clinical anesthesia. 
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Introduction. Posterior tibial nerve somato- 
senuscry evoked potentials(PTN-SSEP) are used to 
monitor spinal cord function during operations in 
which there is a risk of postoperative paraplegia. 
Balanced ernesthesia using moderate doses of 
fentanyl, muscle relaxant and nitrovs oxide is the 
technique of choice for PTN-SSEP monitoring. 
With this technique Jatencies are prolonged, while 
ampijtudes are affected unpredictably (1). 
Resection of thoracic aortic aneurysms and 
correction of coarctation of the aorta are 
vperations in which PIN-SSEF monitoring could be 
useful. High dese fentanyl anesthesia is an 
accepted technique for these procedures, We 


studied the induction effects of high dose fentanyl 


on PIN-SSEF and evaJuated post-induction stability 
of latencies and amplitudes. 


Nethods. Ten patients, aged 23-70 years 
scheduled for elective non-coronary cardiac 
surgery gave informed consent to participate in 
the institutionally approved study protocol. Nene 
had evidence of neurologic or endocrine disease. 
Vremedicaticn was with lorazepam 4-5 mg orally and 
nicomorphine 6.15 mg/kg i.m. 1 hr before surgery. 
Anesthesie was induced with fentenryl 75 ug/ke. 
Pancuronium ©.1 mg/kg was given for muscle 
relaxation, After intubation of the trachea the 
lungs were ventilated with oxygen-air (FiG =0.5). 


Nasopharyngeal temperature, end-tidal CO,, Arterial 


and central venous pressures were continuously 
monitored. PaCO, was kept between 35-40 mm Hg. 
Prior to skin iĥñcision a seccnd dose of fentanyl 
25 ug/kg was giver. 

Recording technique, Cortical PTN-SSEP were 
recorded continuously using a Nicolet Pethfinder 
II. Posterior tibial nerves were stimulated 
bilaterally with constant current Square wave 
pulses of 200 usec duration at a frequency of 
3.1/sec. The stimulus intensity was 1 mA above the 
motor treshold; it was not changed after induction. 
Subdermal needle electrodes (impedance 6 Kohm) 
were inserted at Cz' referred to Fz for cortical 
recordings. Raw signals were filtered between 5 
end 250 Hz. Analysis time was 160 msec. 512 sweeps 
were averaged. The following averages were 
analysed: immediately before and 5 min after 
induction, before and 5 min after the second dose 
of fentanyl, prior to cardiopulmonary bypass 
(CPB), and at the end of surgery. All data are 
expressed as mean + SD. Statistical analysis was 
with one way ANOVA for correiated data. 
Differences between means were compared using a 
Tukey test. 


Results. The induction dose of fentanyl 
increased cortical latencies of P] (1.4+0.9msec), 
Kl (2.042.O0msec), P2 (2.142. 9msec) and N2 
(10.644. 5msec), although the increase in 
P2-latency was not Statistically significant. The 
holus dose of fentanyl (31+4 nin after inductior) 
caused no further increase of latencies. At the 


stac of CPB (7946 min after induction) Pl, N1 end 
F2 ictencies were not significantly different from 
ostinduction values, but N2 latency tad 
sed further. All latencies were increased at 
the =nd cf surgery. F1-Nl amplitude was unaffected 
‘fe induction dose, but NI-F2 emplitude was 







redu-ed by 5C%, There was a gradual decrease in 
Fl- amplitude during the procedure, while NI-P? 
amplitude remained at the post-—induction value. 
the olus dase of fentanyl did not change 


amplitudes. 


la: Latenciss and amplitudes of PTN-SSEP before and during 
high dose fentanyl anesthesia ( mean + SD } 


[ancy tes) awn tar [reer 
p2 [ne fernim e 


: 42.7 | 49.1 | 63.7 | 86.4 2.20 | 3.84 | 
a +5.32 | +5.90 | +5.82 | +6.14 |+1.57 | +2.03 | 
ee 

ni 44.21 51.1] 65.5 | 97.0 12.22 | 1.83 
+5.61 | +6.94 | 47.73 | +6.70 | 41.99 +0.88 


bj 44.3 | 51.0 | 64.5 | 98.0 |1.56 | 1.99 
5.74 | +8.38 | +5.75 | +8.67 ||+1.15 | +0.98 














36.3 
+0.42 


36.3 
t0.43 


36.2 
+0.48 


4 
35.7 
+0.55 


35.5 
+0.78 






















1.71 
+0.97 | +0.80 


e 
1.25 | 2.03 
+0.89 | +0.87 

oe 
1.03 | 1.75 


44.9 | 51.5 | 66.5 | 99.9 
+6.01 | +8.56 | +6.42 | +7.93 


6 
67.5 04.8 
+6.36 |+8.10 


ea $ 
69.7 103.4 
+7.40 | +9.27 


== compared with pre-induction values e=p< 0.05 
eiw.th values after induction ee= p< 0.01 






























+6.00 | +6.52 


46.3'| 54.0 
+7.13 | £7.80 





















=scussion, Induction with high doses of 

fentizyl causes relatively small increases in 
EP latency, while Nl-P2 amplitude decreases. 

ze the much higher doses of fentanyl used in 

this |study the latency changes are less than 
repo-tcd with the thiopental/low dose fentany1/ 

nit S oxide technique. Pathak et al (1) reported 

an MB-latency increase of 4.4 + 2.5 nsec 30 min 
afte-| induction compared tc the 2.0 + 2.0 msec 

fou in this study. Furthermore, the subsequent 

bolu= dose of fentanyl 25 ug/kg did not cause 
sign_fticant changes in either latency or amplitude. 
The atenvy increases before CPB ard at the end of 

y can be explained partly by the gradual 

n temperature (2). 

clude that high dose fentanyl with oxygen/ 

s an exceJlent anesthetic technique when 

perative PIN-SSEP monitoring is indicated. 
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Introduction: Propofol is a proven potent, safe anesthesia 
induction drug which has a rapid redistribution time (tha 
2.5 mins), rapid clearance, and an uniquely ultra-short 8 
elimination (55 mins). Tke use of propofol by infusion 
appears to be appropriate for maintenance of anesthesia 
as well. 

Methods: After IRB approval, three groups of ASA status 
I-III in- and outpatients undergoing elective gynecological 
surgery participated in an open, comparative, randomized 
study. There were no szatistical differences between 
groups for age, sex, weight, BSA or ASA status. Surgical 
procedures included: l7 laparoscopies, 10 minilap- 
arotomies for tubal ligation, 5 hysterectomies, and 14 
other gynecological procedures. All patients were 
premedicated with meperidine, | mg/kg, and given curare, 
3 mg/kg, 3-5 minutes prior to induction. They also all 
inhaled nitrous oxide 60% in oxygen. In group P patients, 
anesthesia was induced wizh propofol, 2 mg/kg followed 
by a continous exponential infusion based on the 
pharmacokinetic redistribution and elimination of the 
drug. When needed, the rate of infusion was modified to 
maintain adequate clinical anesthesia and to control 
hemodynamic parameters within 30% of baseline 
measurements. The average rate was 0.1-0.2 mg/kg/min. 
In group M patients, anesthesia was induced with 
methohexital, 1.5 mg/kg followed by an infusion of 
0.1-0.3 mg/kg/min. In group TI patients, anesthesia was 
induced with thiopental, 4 ng/kg followed by isoflurane 
for maintenance (1.0-1.5%). Intubation was achieved with 
succinylcholine, 1.5 mg/kg, and muscle relaxation was 
maintained with pancuronium, 1-2 mg. In each group the 
appropriate induction agent was administered 
intravenously over 20-30 seconds, followed by the 
maintenance drug within 3 minutes. End-tidal CO2 was 
maintained between 35-42 mmHg. Plasma levels of 
propofol were measured at 9, 2, 5, 10, 15, 20, 25, 30, 45, 
60, 90, 120, 180 and 240 minutes after anesthesia 
induction. 

Results: Induction time (loss of eyelid reflex and 
cessation of response to command), duration of 
anesthesia, and recovery times are provided in Table 1. 
Groups P and TI patients showed similar hemodynamic 
responses to induction and maintenance of anesthesia. 
Blood pressure and heart rate decreased 15-20% from 
baseline for approximately I5 minutes after induction and 
subsequently fluctuated within 15-20% of baseline values. 
Blood pressure and heart rate were significantly higher in 
group M patients than in groups P and TI, ranging 20-30% 
during surgery above baseline values. The methohexital 
group demonstrated relatively unstable hemodynamics, 
delayed awakening, and postoperative respiratory 
depression. Two cases required prolonged postoperative 
mechanical ventilation. Also, 5 out of 14 patients had 
hiccups. The plasma levels of propofol at 2 minutes 
reflected the distribution of the bolus dose. Plasma levels 
of propofol during the infusion period were stable and 
confirmed the computer predicted stable levels; recovery 
phase (Stages III and V) revealed an exponentia! decline 
after discontinuation of infusion (Table 2). All patients 
were awake at 1 ug/ml plasma level and oriented at 0.6 
ug/ml of propofol. Patients who received propofol had a 
tendency to wake up and respond quicker than patients 
who were maintained with isoflurane, but the difference 


did not reach statistical significance. Trieger test scores 
indicated faster recovery of coordination in group P 
patients compared to groups M and TI patients (Table 3). 
Discussion: Propofol provides induction and maintenance 
of anesthesia with similar efficacy and safety compared 
to thiopental followed by isoflurane. The programmed 
infusion, which was based on a previously determined 
pharmacokinetic profile, proved to be an accurate guide 
for achieving stable blood levels, providing satisfactory 
clinical anesthesia and rapid recovery. In conclusion, we 
have demonstrated that intravenous infusion of propofol 
provides equal or better anesthesia than thiopental 
combined with isoflurane. Propofol infusion can rapidly 
achieve a steady blood concentration of the drug, 
adequate anesthesia and assure early recovery following 
discontinuation of the drug infusion. It seems that 
propofol infusion can provide optimal maintenance of 
anesthesia for both outpatients and inpatients. 


Table 1. 
Induction, Duration and Recovery Times 
(Mean + SD) 

Stage I Stage II Stage III Stage IV Stage V 
P 43412 80+47 d+3t 6+4+ 18+10+ 

(30-78) (20-182) (1-13) (2-17) (3-37) 
M 35+13 364+15 21421 22422 34422 

(17-56) (5-66) (2-77) = (2-77) (4-77) 
TI 3449 51+42 10+5* 944+ 18+8+ 


(18-52) (13-178) (3-21) (3-20) (5-35) 


Stage I, induction time in seconds; Stage II, duration of 
anesthesia in minutes; Stage III, awakening, open eyes; 
Stage IV, response to verbal command; Stage V, 
orientation to place and date. P = propofol; M = 
methohexital; TI = thiopental/isoflurane. Range is 
presented in parentheses. 

*p < 0.01, tp < 0.001 





Table 2. 
Plasma Levels of Propofol in 7 Patients 
(ug/ml) (Mean + SD) 


Stage I Stage II Stage III Stage V 
induction maintenance open eyes orientation 

3.1+1.1 2.3+ 1,0+0.2 0.6+0.2 

(1.6-4.5) (1.9-2.7)  (0.75-1.3) (0.2-0.9) 


(See table 1 for explanation of stages. Range is presented 
in parentheses.) 


Table 3. Trieger Test Scores 
P M TI 
Evaluation 78 78 88 


% completed at 
60 minutes 
Impairment 0.71 0.16 0.5 
time + accuracy 
ratio to baseline 


P = propofol, M = methohexital, TI = thiopental/isoflurane 
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Introduction. Despite its popularity, the use of 
intrathecal(IT) morphine(M)(1) still poses questions 
sucn as how does it spread in the subarachnoid space 
(SAS), and what are the mechanisms for the long du- 
ration of action. This report concerns the investi- 
gation of the distribution of 3H morphine (3HM) 
following lumbar subarachnoid (LSAS) injection. 

Method. Under NoO + 02 + Halothane endotracheal 
anesthesia, the cistern magna (CM) and LSAS of 3-4 
kg New Zealand Albino rabbits were cannulated for 
sampling of cerebral spinal fluid (CSF) and adminis- 
tration of 3HM respectively. One week after 
surgery, animals demonstrating intact neurological 
functions were divided into two groups. 34M was 
injected without anesthesia or other medications. 
Group 1 (n=5) received 200 ul of 0.26 mM (40 mg) M 
and 125 pM of °HM through an implanted PE 10 
catheter in the LSAS. CSF (0.1 ml) was withdrawn 
from CM at 0, 5, 15, 30 minutes and 1, 2, 4, 12, 24 
hours. Arterial blood was sampled at similar time 
intervals. Group 2 (n=11) was injected with 100 ug 
of M and 200 pM of 3HM and blood and CSF were 
sampled as in group one; however, they were sacri- 
ficed under anesthesia at 2 hours (n=3), 4 hours 
(n=3), 6 hours (n=3) and 12 hours (n=2). The CNS 
was removed intact and 2 mm slices of spinal cord 
(SC) were removed at each 1 em interval. These, and 
slices from various brain areas, were solubilized 
and counted with a liquid scintillation counter. 

Results. The levels of 3HM in the SC were 
highest at the lumbar injection site followed by a 
sharp decline over a distance of 4-5 om and then a 
gradual decrease both cephalad and caudad. (Fig. 1) 
Total recovery of radioactivity (RA) in the SC 
ranged: X+SE 45% + 5.57 for 2 hours, 12.8% + 3.76 
for 4 hours, 3.7% + 1.13 for 6 hours and 2.45% for 
12 hours. A significant amount of 3HM was also 
detected in the spinal roots (SR) near the in- 
jection site. The bulk of the RA injected was 
recovered in the urine, and increased with time from 
a low of 30% of the injected 3HM after 2 hours to a 
high of 75% after 12 hours. In group one and two no 
Significant levels of RA were found in either blood 
or CSF samples. RA was not detected in the brain 
stem, cerebellum, caudate and frontal cortex slices. 

Discussion. Our findings of the longevity of 38M 
in the SC and SR are consistent with its long dura- 
tion of action. The °HM transferred from SAS to the 
blood might be diluted to levels beyond the sensiti- 
vity of our counting method. Renal concentration 
made it possible to measure °HM levels in the urine. 


Using 14> morphine autoradiography, Gustafsson 
et al (2) reported an increase in bladder size over 
time but did not describe levels of RA in the urine. 
Similiarly, levels of RA in the urine were not pre- 
sented in other papers on ITM reviewed.(1,2,3,4,5,6) 

Our inability to detect 3HM in the CSF from CM 
may be due to the small volume of the injectate plus 
its limited spread in the SAS.(4) The volume of 3py 


was less than 10% of the total spinal CSF volume. 
Reiselbach (7) showed that in monkeys, the volume of 
IT injection must approximate 1/10 of the total spi- 
nal SF volume for a drug to reach the CM. Ina 
recent study of CSF distribution of morphine, metha- 
done and sucrose following IT injection, Payne et al 


1 
l 
i 
l 
i 


(6) ir fused sheep with artificial CSF at a rate 6 
times zhat of endogenous CSF formation. This may 


not redresent the clinical situation. Their fin- 

dings f recovery of 0.3% morphine in the CSF from 

CM mar" be related to this infusion rate. The volume 

of our, injectate was less then 10% of the total spi- 

nal Co? volume, and the circulation of CSF in our 
model vas minimally altered. 

Cor2lusions. After IT injection, 34M spread 
locally near the injection site in the SC and SR. 

Te cor>inued to spread over the time period observed 

but ths RA decreased with time. The HM 

remair2d detectable in the SC and SR over the time 
perioc described. Under physiological conditions, 
and with injection volume less than 10% of the total 

Spina_ CSF volume, rostral distribution through CSF 

may be not significant. Renel excretion seemed <o 

be the main route of elimination. 
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Introduction. Currently there is no available 
data on the use of sufentanil in short surgical 
procedures lasting less than 1.5 hours. Sufentanil 
in small doses of .5 mcg/kg, followed by thiopental, 
nitrous oxide, oxygen and muscle relaxant gives 
excellent analgesia ani anesthesia for surgical 
procedures lasting less than 1.5 hours. Clinical 
experience with this technique suggests that the 
need for post-operative analgesia is (significantly) 
less than with isoflurane and hence it may be useful 
in outpatient surgery, permitting a short recovery 
time before safe discharge from the hospital. The 
purpose of the present study is to compare the 
recovery time following sufentanil, thiopental, 
nitrous oxide, oxygen and muscle relaxant with that 
of thiopental, nitrous oxide, oxygen, isoflurane and 
muscle relaxant sequence in outpatient surgical 
procedures. 


Methods. Informed consent was obtained from 17 
unpremedicated ASA I outpatients between the ages of 
20 and 40 years, weight 45-85 kg, scheduled for 
elective laparoscopy procedures. 

Each patient was timed when she performed a 
"Star drawing test" with their dominant and 
non-dominant hand prior to induction of anesthesia. 
Patients were randomly divided into two groups.» 
Group I had sodium thiopental 4 mg/kg, .5 meg/kg 
sufentanil for induction of anesthesia and 1-1.5 
mg/kg of succinylcholine to facilitate tracheal 
intubation. Glycopyrolate .2 mg IV was given prior 
to injection of succinylcholine. Anesthesia was 
maintained with nitrous oxide 66% and atracurium as 
needed for muscle relaxation. 

Group II had sodium thiopental 4 mg/kg IV, 
isoflurane 1-1.5%, glycopyrolate 02 mg IV, 
succinylcholine 1-1.5 mg/kg for tracheal intubation 
and atracurium as needed to achieve muscle 
relaxation. Ventilation was controlled in both 
groups of patients with tidal volumes of 10-12 cc/kg 
and rate of 8-10 per minute. End tidal CO% in 
both groups were kept between 32-40 mmHg (measured 
by mass spectrometry). At the termination of 
anesthesia both groups received glycopyrolate and 
edrophonium for reversai of neuromuscular blockade 
if needed. Recovery from anesthesia was assessed by 
a nurse upon arrival in the recovery room and timed 
30 minutes thereafter according to criteria modified 
from the standard Aldrete Score: 

Consciousness: 1) fully awake, responding on 
command and oriented to time and place: 2; 2) 
arousable on calling: 1; 3) not responding: 0. 

Respiration: 1) able to breathe deeply and 
cough freely: 2; 2) dyspnea or slow breathing below 
eight breaths/min: 1; 3) apnea: 0. 

Circulation: 1) blood pressure + 20 mm of pre- 
anesthetic level and good color: 2; 2) blood 
pressure between + 20-50 mm of mercury or pale or 
dusky: 1; 3) cyanotic and blood pressure + 50 of 
pre-anesthetic level: 0. 

Patients were discharged from the recovery room 


to home when: 1) they had stable vital signs, 2) 
when oriented to time, place and person, 3) when 
able to walk unassisted, 4) did not have excessive 
nausea and vomiting, and 5) performance on the 
"star drawing test" was the same as prior to 
anesthesia. 


Results. Nine patients received sufentanil 
(Group I) and eight patients received isoflurane 
(Group II). Duration of anesthesia was 30 minutes 
to 80 minutes for Group I and 30 minutes to 90 
minutes for Group II. All Group I patients were 
significantly more awake on arrival in the recovery 


room. They followed simple commands and were 
oriented to time and place within 10 minutes of 
arrival in recovery room. The need for 


post-operative pain medication was less in Group I 
compared to Group II. Two out of nine patients in 
Group I required analgesics for post-operative pain 
relief, whereas four out of eight patients in Group 
II required pain relief post-operatively- This 
difference was statistically insignificant (p>.2 
Fisher's exact). 

The incidence of nausea was almost the same in 
both groups. Four out of nine patients required 
medication in Group I and three out of eight 
required medication for nausea in Group II. (p>.42 
Fisher's exact). 

By the end of 90 minutes there was minimal 
difference in consciousness and airway scores 
between the two groups. Group I patients stayed in 
the hospital an average of 3.28 hours whereas Group 
II patients remained an average of 3.98 hours. 
Even though the patients in Group II scored almost 
the same as in Group I at the end of 90 minutes, 
the need for more frequent pain medication post- 
operatively delayed the discharge time in Group II. 
Post-operative vital signs were stable in both 
groups. No signs of renarcotization were observed 
in Group I. Only one patient required naloxone in 
Group I. No patient had awareness during surgery in 
any group. 





Post-op Post-op Post-op 
Group nausea % narcotic % stay, min.» 
i “4.4. 39.0 ~~ *20e" 
II 37.5 50.0 278 
STATISTICS p>.42 p>. 2 


ee 





Conclusion. Both agents appear to be suitable 
for outpatient surgery.» Based on the ease of 
administration, smoothness of the anesthetic course 
and the uneventfulness of recovery, the sufentanil 
regimen described here represents a good 
alternative. 


Thanks to R.N. Jamison, Ph.D. for help in design of 
project. 
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INHALATION ANESTHESIA DURING HIGH FREQUENCY JET VENTILATION FOR EXTRACORPOREAL SHOCK WAVE THERAPY 
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; Department of Anesthesiology, University of 


Florida College of Medicine, Gainesville, Florida 


Introduction. Animal experiments confirmed the 
efrectiveness of extracorporeal shock wave lithotrip- 
sy (ESWL) for the disintegration of gallstones (1). 
However, they also demonstrated hemorrhage of the ba- 
Sal pulmonary segments (in the vicinity of the shock 
wave axis). The specific circumstances of cholelitho- 
tripsy in humans include (2): 1. Positioning of the 
patient in the water bath in prone position. 2. Modi- 
fied shock wave characteristics (lower energy level, 
reduced focus area requiring more accurate targeting). 
3. Continuous sonographic stone localisation. The ob- 
jective of this study was to test a method of anesthe- 
Sta suitable for gallstone-lithotripsy, which might 
render the administration of opiates unnecessary 
(spasm of the biliary tract sphincter !). 

Methods. With prior approval of the institutio- 
na. review board 15 informed patients (3 male, 12 fe- 
ma-e/age 42 yr (median value), range 27-63/ ASA-status 
I-III) were immersed under general anesthesia (induc- 
tion with thiopental, maintenance with N 0:04-1:71, 
enflurane, relaxation with vecuronium) ifito the tub 
of the lithotripter (FIG.1). Prior to shock wave 
application, we switched from conventional mechanical 
ventilation (CMV/ventilatory rate 10/min) to high fre- 
quency jet ventilation (HFJV/ventilatory frequency 
100/min, inspiratory time 20%). By integrating a sli- 
ding venturi device (Bird) (2), the entrainment volume 
was sufficient to control the depth of anesthesia with 
the entrainment-gas mixture (N,0:0,=1:1, enflurane) 
from the conventional ventilatér (FIG.2). The use of a 
triple lumen endotracheal tute permitted continuous 
monitoring of the tracheal gas mixture (pC0,, %0., 
#N.0, %enflurane) and of the pressure level in the 
tréchea. Measurements of endtidal concentration of 
enf lurane (C,,enfl.) and endtidal pCO, (P C0.) was 
obtained by ““turning off the HF J-ventilafor (Acutro- 


nic MK 800) and providing 3-5 tidal volume breaths from 


the conventional ventilator (Servo 900 B). Data were 
analyzed by Wilcoxon's matched pairs test with p<0,01 
being considered significant. 

Results. Under CMV the peak inflation pressure 
(PIP) was measured at 10cmH,0 (7-18). Stone motion due 
to ventilation was 20mm (10-45). During HFJV stone 
movement (3 mm (3-5)) as well as PIP (7 cmH,0 (5-14)) 
were reduced significantly. PaO, or PaO, values did 
not differ significantly betweef the two`methods of 
ventilation (TABLE 1). In no case was additional in- 
jection of opiates necessary. Organ lesions could not 
be seen (checked by CT, sonography, cholecystography, 
chest x-ray). 

Discussion. 1. With HFJV respiratory stone motion 
can be minimized. In patients with normal pulmonary 
function, HFJV does not present an additional risk 
even in the prone position. 2. The described procedure 
permits anesthetic management with only volatile an- 
esthetics during CMV and HFJV. 3. We could provide 
a sufficient distance between the base of the lung 
and the penetrating shock waves. 

This method of anesthesia enhances precision of shock 
wave application and effectiveness of ESWL-therapy 
of gallbladder stones. 


References. 
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FLG : f 
N deliver enflurane during HFJY 

F02" 9,5 n=15 
range median 

Pa02 CMV 162 - 281 242 

(mm Hg) HFJV 151 - 293 239 n.s. 

PaCOo CMV 30 - 39 35 

(mm Hg) HF SV 31 - 43 36 n.s. 

Pot CO CMV 26 - 41 37 

(mm Hg) HFJV 29 - 45 40 

Cy Enflurane CMV 06 ~- 1,1 0,8 

(Vol %) HFJV(Entr.) 1,2 - 2,5 1,7 

CoEnflurane CMV 04 - 0,95 0,45 

(Vol %) HFJV 04 =- 1,05 0,55 ns. 





n.s.«no significant difference CMV vs. HFJV 
TABLE|1. Parameters of gas exchange during CMV 
and HFJV 
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PURPOSE. Many authors have studied the risk of 
postoperative pulmonary complications (PPC) in 
patients with chronic obstructive pulmonary disease 
(COPD) undergoing thoracic operations. Less is 
known about the risk of PPC in patients undergoing 
non-thoracic operations. We report the incidence 
of PPC in a group of patients with severe COPD (FEVI 
less than 1.21), In addition, we have examined other 
risk factors for PPC (1) and prospectively applied 
Shapiro's scoring system (2) which categorizes 
patient risk for PPC. 


METHOD. During a 9 month period, every patient 
with an FEV] less than 1.2] who underwent surgery 
was studied. Values for preoperative risk factors 
were obtained: age, smoking history, sputum produc- 
tion, preoperative pulmonary preparation, incentive 
spirometry, weight, and room air blood gas. ASA 
and Shapiro scores were recorded. Intraoperative 
risk factors such as type of anesthesia, length of 
anesthesia, length of surgery, incision site, and 
Operative procedure were also recorded. The attend- 


ing anesthesiologist chose the anesthetic techniques. 


Postoperative complications, defined as postop- 
erative ventilatory failure, pneumonia, refractory 
bronchospasm, prolonged ICU stay (longer than 3 
days), and mortality were noted. PPC frequencies 
were compared by Fisher exact test. 


RESULTS. Twenty-one patients were studied. 
Important risk factors are presented in Table !. 
The average Shapiro score was 3.5. Fifteen patients 
(71%) went to the ICU postoperatively. Three 
patients (15%) had postoperative pneumonia with 
leukocytosis, fever, and sputum cultures. Seven 
patients (33%) were not extubatable at the end of 
surgery. One patient had refractory postoperative 
bronchospasm and one patient died. Eight of 11 (73%) 
patients with abdominal incisions had a PPC and only 
one of ten patients (10%) with a nonabdominal 
operation had a PPC. This difference was statisti- 
cally significant by Fisher's exact test (P <.01). 
There was no statistically significant difference 
between the type of anesthetic and PPC. 


DISCUSSION. Patients with severe COPD may 
undergo nonthoracic operetions with great morbidity, 
as evidenced by ICU stay and postoperative ventil- 
ator dependence. Shapiro has stated that if the 
sum of %FEVI/FVC and SFVC is less than 100, there 
is a 50% chance of acute ventilatory failure in 
the first 24 hours. This finding alone translates 
into a Shapiro risk score of 2. All of our patients 
had a score of 2 or more. In our study, six of 
eight patients (75%) who received general anesthesia 
for abdominal procedures required postoperative 
ventilatory support; four remained intubated more 
than 36 hours postoperatively, one required reintu- 


bation, two became chronically ventilator dependent, 
and one died. Three patients received regional 
anesthesia for abdomina! operations and al! developed 
a PPC: two had to be intubated within 48 hours postop- 
eratively (one of whom became ventilator dependent 
and died); and the third developed pneumonia. Of 

six patients who underwent TUR procedures only one 
went to the ICU postoperatively and none had a PPC. 
Four of these patients received regional anesthesia 
and two received general anesthesia. 


The surgical incision site is more important in 
determining the incidence of PPC than the type of 
anesthetic. 


TABLE | 


Risk Factors 





PT AGE ASA SHAP FEV] ANES* INCIS** COMP**% 
l 68 4 5 0.6) 2 0 
2 74 3 3 0.86 2 0 
3 5] 3 3 0.77 2 0 
4 62 3 2 1.02 2 0 
5 82 KE 2 0.75 2 4 2 
6 70 4 3 1.00 2 5 3 
7 56 KE 4 0.70 2 5 2,5 
8 93 3 4 0.80 3 0 
9 64 h 4 0.65 4 0 
10 55 3 3 1-10 4 0 
1] 65 3 3 1.02 4 0 
12 75 3 4 0.75 4 0 l 
13 63 4 4 0.57 4 3 1,3 
14 58 4 4 0.70 4 4 l 
15 65 hE 5 0.70 4 4 1,4 
16 59 4E 2 1.20 4 5 1,3 
17 63 4E 4 0.85 h 5 l 
18 69 4 4 0.80 4 5 
19 66 3 4 1.05 h 5 
20 59 3 3 1.13 4 5 l 
21 67 3 3 07 254 0 
* Anesthetic: 2 = regional, 3 = GA mask, 4 = GA 
Ett 
«* Incision: 0 = TUR, head and neck,or extremity, 
3 = upper abdomen transverse, 4 = upper abdomen 
vertical, 5 = lower abdomen 
«xx Complication: | = unable to be extubated post- 
op, 2 = intubated postop, 3 = pneumonia, 
4 = refractory bronchospasm, 5 = died 
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INTRODUCTION. Careful preoperative history and 
physical exam may not indicate that a patient is at 
increased risk for perioperative hemodynamic insta- 
bility. Particularly in the sedentary patient, 
previously unsuspected cardiac disease or relative 
hypovolemia can contribute ta perioperative cardio- 
vascular complications. Del Guercio (1) inserted 
pulmonary artery catheters in 148 elderly patients, 
otherwise cleared for surgery, and found that 23% 
hac markedly abnormal hemodynamic parameters. Rou- 
tine preoperative pulmonary artery (PA) catheteriza- 
tion in elderly patients is not done at our instit- 
ution because it is not without risk. However, 
recently available, noninvasive devices capable of 
measuring cardiac output, oxygenation, and skin 
oxygen delivery may provide additional information 
about the patient's hemodynamic status. We used a 
collection of these devices to noninvasively measure 
preoperative cardic output, heart rate (HR), mean 
arterial pressure (MAP), transcutaneous oxygen ten- 
sion (Tc02), and arterial oxygen saturation (Sa02). 
We then observed each patient for any episodes of 
intraoperative hypotension. 


METHODS. This study was approved by the 
institutional review board. Patients undergoing 
elective operations, and in whom pulmonary artery 
catheterization was not planned, were eligible for 
Study entry. Upon entering the preoperative holding 
roam, each patient had a Novametrix 807 transcu- 
taneous P02 probe, an Ohmeda 3700 finger pulse ox- 
imeter probe, electrodes for a Bomed NCCOM 3 thor- 
acic bioimpedance monitor and a Bard Sentron non- 
invasive blood pressure monitor placed. All probes 
and monitors were applied and calibrated according 
to the manufacturer's recommerdations. The trans- 
cutaneous probe was calibratec before each patient 
and allowed to warm up to 44°C for 15 minutes be- 
fore any measurements were mace. Each variable 
was measured at least five times in each patient 
(usually at | minute intervals) and the average 
value used. Cardiac index (C.1.) was calculated 
by dividing measured cardiac output by calculated 
body surface area. The patients were also rated 
by ASA classification and the cardiac risk index 
proposed by Goldman (2). The patient's anesthes- 
iologist was blind to the study measurements. Intra- 
operative hypotension was defined as any blood pres- 
sure 20% or more below the patient's baseline before 
the skin incision that required drug treatment. 


RESULTS. Eighty-nine patients, aged 43 to 92 
were studied. Sixty patients were aged 65 or older. 
HR ranged between 40 - 104. MAP ranged between 68 - 
126 mmHg, Sa02 was greater than 89% in all patients, 
Tc02 on room air ranged between 28 - 76 mmHg, and 
C.I. ranged between 1.6 - 5.57 1/min/m2. Nineteen 
patients (21%) had an episode of intraoperative 
hypotension severe enough to require drug therapy. 
No patient suffered a perioperative myocardial 


infar-ttion or died. Five of 35 patients (14%) rated 
ASA || had a hypotensive episode. Thirteen of 51 
patieits (25%) rated ASA II had a hypotensive ebi- 
sode. | One of three patients (33%) rated ASA IV had 

a hypetensive episode. Twelve of 77 patients 

(15.6%) with C.l. between 2.0 - 4.0 1/min/m2 had an 
hypotunsive episode. Of 12 patients whose C.!. was 
outside this range, seven (48%) had an intraop- 
erative hypotensive episode. The difference be- 
tween [these two groups was statistically signif- 
icant ty Chi Square analysis without Yates Correction 
facto; (P 0.001). Using C.l. as a diagnostic test 
to predict which patients would have a hypotensive 
episode has a positive accuracy of 58.3%, sensitivity 
of 36 8%, and a specificity of 92.8%. 


aa Patients with low C.I. may be at 
incredsed risk for hypotensive episodes because of 
relat ive hypovolemia or decreased contractility. 
Patiemts with kigh C.l. may be in a hyperdynamic 
state |in resporse to some physiologic stress. Wren 
anestW2sia is induced in these patients perhaps this 
compeksatory response is blunted, vascular tone is 
lost, jand the patients become relatively hypovolemic. 
Anesti2siologists preoperatively evaluating elderly, 
poorl | communicative and bedridden patients may find 
themsalves guessing about their patient's real car- 
diovaşzular status. Del Guercio and Cohn (1) have 
shown |that invasive monitoring can improve outcome 
in a High risk patient subgroup. They found that 34 
of their 148 (23%) study patients had previously 
unsusqected, severe hemodynamic derangements. Be- 
cause þf their assessment, 26 of these patients 
underwent smaller procedures or were postponed. 
Eight patients underwent general anesthesia and all 
died. | Although preoperative PA catheterization may 
be justified in elderly patients with significant 
cardids histories, it probably is not justified sole- 
ly on ithe basis of advanced age and an unobtainable 


sve dessssne history. In these patients noninva- 


sive assessment of cardiovascular parameters provides 
a reasonable alternative to invasive monitoring. 

rRNA IYE preoperative cardiac output deter- 
minat jon can identify a patient subgroup at increas- 
ed ris for intraoperative hypotension. Since 
noninvasive devices pose minimal patient risk, non- 
invas \ve preoperative cardiovascular assessment may 
be desirable, particularly if this information can 
be used to prevent not only intraoperatively hypo- 
tensicn but also related cardiovascular compli- 
catio 
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Introduction. Numerous anecdotal reports have 
described anesthetic complications in patients with 
Duchenne's Muscular Dystrophy (DMD).1 Many of the 
described events have resembled malignant hyperther- 
mia (MH) but the exact relationship of these _anes- 
thetic reactions to MH remains controversial.3 The 
magnitude of the risk is unknown. To provide more 
data on the anesthetic experience of DMD children, 
we undertook a survey of all Muscular Dystrophy As- 
sociation (MDA) clinics in the U.S. 


Methods. Questionnaires were sent to all MDA 
clinic directors (most were neurologists). Informa- 
tion requested included: (1) Number of patients fol- 
lowed; (2) Anesthetic technique(s) currently used to 
obtain diagnostic muscle biopsies in suspected DMD; 
(3) Major complications which had occurred during 
biopsies; (4) Knowledge of unreported major anesthe- 
tic complications occurring during other surgeries 
in DMD patients. A major complication was considered 
to be an event which included all or some of the 
following: rigidity, major cardiac arrythmias, hy- 
perkalemia, fever, elevated CPK, pigmenturia, cardiac 
arrest. Further information was obtained when pos- 
sible by follow-up call to those answering "yes" to 
#4. Type of anesthesia used was determined in most 
cases but in some this data was unavailable (listed 
as “unknown"). 





_Results. 

A. Response 

All 234 MDA clinics identified in the MDA pro- 
gram guide were contacted and 147 responded (63%). 
108 of these clinics do biopsies for DMD. The maxi- 
mum number of DMD children covered by this survey 
were calculated using the demographic data from 
question #1; this total was just under 7000. 

B. Anesthesia for Biopsies 

There was a marked preference for local anes- 
thesia to do muscle biopsies: 75% of centers use 
this technique exclusively. Other techniques used 
are listed in table 1. 

C. Complications 

Numbers of complications with the features 
mentioned above which occurred during muscle biop- 
sy are listed in table 2. None occurred during 
local anesthesia. 4/6 occurred during halothane 
anesthesia. One of these occurred in the absence 
of succinylcholine (SCh). Table 2 also lists the 
numbers of such complications reported which occurred 
during other surgeries: A total of 30 major comp- 
lications was reported. Again, halothane and SCh 
predominate as the known agents used in these cases. 








Discussion. There is evidence in the liter- 
ature to suggest that children with DMD are suscep- 
tible to particular complications following general 
anesthesia with halothane or SCh. The reported 
reactions have included combinations of: rigidity, 
arrythmias, fever, hyperkalemia, pigmenturia, CPK 
elevation and cardiac arrest. Some investigators 
have identified these reactions as MH2 while others 


postulated a distinct entity labeled the "DMD 
anesthetic reaction"’. There are theoretical re- 
sons for the muscle in DMD and that in MH to share 
Similar susceptibilities to volatile anesthetics 
and SCh.3 We sought evidence of previously unre- 
ported anesthetic complications in DMD by means of 
a survey directed to those doing primary children 
care for these patients and found evidence of 36 
reactions with the features mentioned above. A num- 
erical anesthetic risk for DMD children cannot be 
calculated from this data as the number of anes- 
thetics given is not known. However, there were 

36 children who suffered a major anesthetic re- 
action in a group of DMD patients which numbers at 
most 7000. The prevelance of risk for Such a reac- 
tion is thus more than 1 in 200. Where anesthetic 
agents could be identified, the vast majority of 
reactions followed halothane and SCh. 


Conclusions. 

1. No complications were reported during local 
anesthesia which is the preferred technique for di- 
agnostic muscle biopsy at most DMD clinics. 

2. Our study supports the anecdotal (and theor- 
etical) data that children with DMD are susceptible 
to major anesthetic reactions which are often as- 
sociated with the administration of halothane and 
SCh. The relationship of these reactions to clas- 
sical MH remains to be defined. 
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Table 1. Anesthetic Technique used for 
Diagnostic Muscle Biopsy: 








Technique # of Centers % of Total 
Local 81 75.0% 
Halothane + SCh 1 0.9% 
Halothane - SCh 3 2./% 
GA without Halothane or SCh 10 9.3% 
More than one technique 13 12.0% 


Table 2. Complications During Surgery 


Anes. Techniques Muscle Biopsy Other 
0 0 


Local 

Halothane + SCh 3 17 
Halothane - SCh il 1 
Ga without Halothane or SCh 0 1 
Unknown 2 11 
Total 6 30 
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Purpose: This study was done to compare signifi cantly shorter in Group I. Anesthesia was 
induction and natneenane: of anesthesia wi th successfully maintained with propofol and nitrous 
propofol to induction with thiopental and oxide [n oxygen in all Group I patients. The 
maintenance with isoflurane for short surgical averac total dose of propofol was 0.130 + 0.010 
procedures (< 2 hours), mg/kg/ain. Use of a muscle relaxant was necessary 

Methods: This study was approved by the in Group I to prevent patient movement during the 
Committee for Human Investigation and written surgical procedure. The average mean end-tidal 
informed consent was obtained. ASA I or II isoflurane concentration ranged from 0.53 + 0.05% to 
patients, ages 18-65 years, were divided by random 0.67 +0.07% during the surgical procedures. The 
assignment into two groups of thirty each (N=60). averag duration of surgery in Group I was 61.0 + 
Patients were premedicated with atropine 0.4 mg 6.0 miputes and 56.3 + 5.2 minutes in Group II. 
administered intramuscularly, One minute prior to Five Group I patients complained of pain on 
induction of anesthesia all patients received Maal one required atropine to treat. 
d-tubocurarine 3 mg and fentanyl 1.5 mcg/kg brady “dia intraoperatively and another required 
intravenously and oxygen was administered by face ee to treat mild hypotension. Seven patients 
mask. Anesthesia was induced with propofol 2.5 in Grotp I experienced excitement in the recovery 
mg/kg (Group I) or thiopental sodium 5 mg/kg (Group room a: did six in Group II. No cases of phlebitis 
II) administered over 20-30 seconds. Tracheal or all-rgic reaction were noted. 
intubation was facilitated with 1.5 mg/kg Distussion: Propofol appears to be a suitable 
succinylcholine administered intravenously three anesthitic agent for induction and maintenance of 
minutes after beginning induction. Anesthesia was riko bal for short surgical procedures.(1) In 
maintained with intermittent boluses of propofol this study hemodynamic responses observed were 
0.625 mg/kg and 60-70% nitrous oxide in oxygen and simila to those seen in patients in whom anesthasia 
with 0.2-2.0% end-tidal isoflurane and 60-70% was iniuced with thiopental and maintained with 
nitrous oxide in oxygen in Groups I and II tsofluyane. Emergence from anesthesia was 
respectively. When indicated a 0.2% succinylcholine signif|cantly faster in patients anesthetized with 
drip was administered in both groups to provide propof{l when compared to patients anesthetized with 
muscle relaxation. Blood pressure, pulse and isoflu jane, 
respiratory rates were recorded one minute before 
and after the administration of d-tubocurarine and TABLE I 
fentanyl and each minute for three minutes after Parame jer Group I (N=30) Group II (N=30) 
injection of the induction agent and then at five 
minute intervals for the duration of the Heart jate (bpm) 
anesthetic. The cessation of counting (induction bas }] 81.1 + 3.6 80.0 + 3.7 
time) was recorded as the number of seconds from the l min #* 89.1 + 4,1 #* 90.9 + 2.6 
beginning of injection of the induction agent. If 3 | Lr #* 73.1 + 4,1 * 80.2 + 2.4 
induction of anesthesia was not accomplished within Privr incision # 73.0 + 3.7 80.4 + 3.7 
one minute, a second dose of the induction agent After incision # 78.9 + 3.2 #* 88.8 + 4,0 
(1/4 the original dose) was administered, At the End janesthesia # 72.2 +2.9 + 85.4 + 3.9 
end of surgery, time to return of response to verbal 
commands and orientation were recorded in minutes Systol |c BP (torr) 
from discontinuance of nitrous oxide. Results are bas- 136.9 + 3.0 137.4 + 2.5 
reported as the mean + SEM. Statistical 1 myn 135.9 + 2.5 133.7 + 3.0 
significance was accepted when p< 0.05. 3 Aia ELIE #* 116.1 + 3.2  #* 125.5 + 2.4 

Results: There were no significant differences Prier incision # 122.4 + 2.9 + # 115.2 + 2.9 
between the groups with respect to ASA status, race, After incision * 131.6 + 2.7 #* 130.8 + 3.2 
age, sex, weight, smoking history, incidence of End janesthesia 129.9 + 3.0 # 127.9 + 3.2 
apnea or quality of induction. Induction times were p ; 

38.2 + 1.44 seconds in Group II and 42.0 + 1.18 in Diasto fic BP (torr) 

Group I with P = 0.04. Both thiopental and propofol basal 77.1 + 2.2 77.9 + 1.7 

produced a significant increase in heart rate at one 1 mja 76.0 + 2,8 76.3 + 2.1 

minute following induction (Al). When compared to Smp O #* 60.1 + 2.8 # 71.5 + 2.5 

baseline, systolic and diastolic blood pressures Prigr MmcTSION # 65.8 + 3.1 # 64.6 + 3.3 

were significantly decreased at three minutes After incision 7 oe a S fees te 
e ° Ce 





following induction and prior to incision (PI) in 
both groups. Systolic blood pressure was also 
significantly decreased at the termination of 
anesthesia (TA) in Group II. Diastolic blood 
pressure significantly increased AI when compared to 
PI values in both groups. (See Table I) Times to 






p< 0.05 when compared to preceding velue 

p< 0.05 when compared to basal reading 

p< 0.05 when propofol values compared to 
thiopental values 


+ +e 
to a 1 


response to verbal commands and orientation were 3.3 Reference ' 
+ 0.6 minutes and 6.5 + 1.4 minutes respectively in 1) Briggs LP, Clarke RSJ, Dundee JW, et al: Use of | 
Group I and 7.5 + 0.9 minutes and 15.9 + 2.5 minutes dj-isopropyl phenol as main agent for short - 


respectively in Group II. Both times were procedures. Br J Anaesth 53(11):1197-1202 Nov 1981 
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Reflexes 
mesenteric, effect of prostacyclin 
5154 l 
Sevoflurane, see Anesthetics, volatile 
Spinal, see Anesthetic techniques 
Spinal cord 
ischemia, and neurologic deficit $43 
Stomach, see Gastrointestinal tract 
Succinylcholine, see Neuromuscular 
relaxants 
Sufentanil, see 
Analgesics 
Anesthetics, intravenous 
Sympathetic nervous system 
pharmacology 
dobutamine $152 
dopamine S17 
esmolol S88 
maternal hypotension $73 
Temperature 
core, changes during anesthesia $156 
Thiamylal, see Anesthetics, intravenous 
Thiopental, see Anesthetics, intravenous 
Tourniquets, see 
Equipment 
Pain 
Transfusion 
autotransfusion, apparatus use during 
cardiac surgery 555 
Transplantation, see individual crgans 
Triazepam, see 
Hypnotics, benzodiazepines 
Premedication 
Triazolam, see 
Hypnotics, benzodiazepines 
Premedication . 
Ultrasound, see Measurement techniques, 
Doppler 
Urine, see Kidney 
Vaporizer, see Equipment 
Vasopressars, see Sympathetic nervous 
system, Pharmacology 
Vecuronium, see Neuromuscular 
relaxants 
Vein 
internal jugular, cannulation $124 
Veins 
internal jugular, ability to locate $84 
Ventilation 
positive end-expiratory pressure, 
diaphragmatic length $71 
transtracheal, upper airway obstruction 
970 : 
Verapamil, see 
Heart 
Pharmacology 
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Multiple doses, 
multiple benefits. 


e Convenient—no mixing 
e Economical—less waste 
e Easy-to-identify shape 
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